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PREFACE TO SIXTH EDITION. 

The authors have availed themselves of the call for a 
new edition of this manual to revise it thoroughly, 
and to make such additions as have been rendered 
necessary by recent? researches and ^observations. 

°The most important changes are those in the chapter 
on Clinical Bacteriology, which has again been revised 
and largely re-written by Professor James Ritchie, 
to whom the authors desire to express their great 
indebtedness. The method of taking material for the 
preparation of bacterial vaccines has been described, 
and new matter has been added regarding various 
micro-organisms, many 0f which have assumed a 
special importance in connection with the War. 
AiGOngst' these may be mentioned the paratyphoid 
group, Bacillus dy sentence, B. tetani, Micrococcus 
rheumaticus , and j Diplococcus intracellulans. 

In the chapter on the Circulatory System the 
results of modern methods of examination of the 
myocardium hare been briefly summarized. 

In view of ^he adoption of the Basle Anatomical 
Nomenclature y± many medical schools, the new names 
have been gb&n in brackets after the older ones when 
anatdbiical structures are referred to.„ 

E. H. 

H. R. 


September, 191 ( 5 . 




PREFACE TO ORIGINAL EDITION 

The title “Clinical Methods” probably describes 

not i°Z A tlUS b ° 0k ' bettei ^ other. It S 
!V trea tiseupon mescal diagnosis. 
&ere is already- ^sufficiency of good 
14 aims matter at describing 
those methods of clinical investigatioh by the propef 

arnved at °T WkCl1 a Corr ,? ct dla ? nosis can alone be 
J.° f ei 7 student when he first begins 
tt , % , ward the question presents itself : 

fhTJ 1 J^f^ate this case ? To that question 
Tho^f 611 ! ^rt is intended to provide an answer. 
Ihe first chapter deals 'therefore, with the methods 
* n S enera L and includes a general 
ZZi f0r u tb ? l nves tigation of medical cases. The 
A£1 i * 00 k x ? rea Hy a & expansion of that sc£eme, 
system being taken up separately, and the 
methods of ^investigating it described in detail. a 
A special chapter has been devoted to the dims 
methods of examining children, as these differ 
many respect^from those employed in the cal 
a u s. Cfcyjiters have also been added on th<3| 
animation ^f Pathological Fluids -and on Cll 
bacteriology, subjects whicl), are daily srowia 3 
importance. - The methods- employed in the ini 
gation of surgical, gynecological, or obstetric 
ao not fall within Jhe scope of the work. 

.-No effort has been* spared to make the bdS3I! 
thoroughly up to date, and it is hoped^herefore, thll 
i wi l be found useful Me those practitioners who may’s 
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wish to make themselves acquainted with the, latest 
methods of clinical investigation. While the whole 
book has" passed through the hands of both o^u^ yet 
each has made himself specially responsible for cer- 
tain parts. Thus Dr. Rainy has written Chapters' 
II., iy., VI., and XIV., the sections on the electrical 
examination of muscles and nerves, on the parasites 
of the alimentary tract, and on the microscopical ex- 
amination of the urine. The rest of the work is from 
the pen of Dr. Hutchison. 

In order to a vend burdening the text, -but few 
references have been given to authorities and originSl 
sources. We should like, however, to take this oppor- 
tunity of acknowledging the help which we have 
received from various friends. Amongst these *are 
Drs. Alex. Bruce, R. W. Philip, G. Lovell (jklland, 
and J ohn Thomson, who have helped us with criticism 
and advice in the preparation of Chapters IY. and 
IX., VI., V., and XII. respectively. We have also 
to thank Dr. Patrick Manson, Dr. Byrom Bramwell, 
Dr. J. Purves Stewart, and Prof. Symington *f or tuTe 
use of specimens and illustrations, and ^ Dr. T. F. 
Milroy for assistance in the revision of proofs. To 
Dr. R. J. M. Buchanan we are specially indebted for 
preparing the drawings illustrating the microscopical 
examination „of the blood: 


September , 1897 . 


K H. 
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CLINICAL METHODS 

CHAPTER I 
CASE-TAKING 

of thoroughness and exactness at thf he!f 7? 
ensures that no point of ,v!T + ■ bedside > 

missed. To the more ~ lm P ortanc ? m the case is 

tematic record of “ases k P of lenC ? d Cli “ cian tbe sys- 

candrawuponitatanv fnf ^k°diment 3 so that he 
of new cases with old and so* 6 ’ tU uf b ?- tbe c °mparison 
bmld up his cli^cafkAo^eSSe SSoL ^^ 111 f ad ? Ily to 
When we,come to the method tfha foundation, 
a case, however there be pursued m taking 

and ai a „ st ^ S S; dl ?' g ? Ce of opinion 8 
Plan. NorisitofsoZiiZiZ 11 " 8 ^ ° Wn S ? eciai 
method one adopts ^particular 

good method of Leaking shSd be both t0 ^ E 7 ery 
sive and„concise. It should ha „ be , b com prehen- 
be capable of beiig annlird to C °™P rebens f v ®> 80 as to 

ingaU^hepoi^®®! 6 ^ and ° f cov <*- 

sent all the important feature of ° 1Se ’ so as to P re 
compass as possible The ouest,^ a ~# ' ase m as sma]I a 

very great importance” NothSf ° f C011ciseness is of 

to be obliged to wade ^ paying than 

order to get at the r chief faetw & mas . s - 0 * yer biage in 
student should practise theVf^ a / tlCU ? ar case - The 

such . „ y „ „ PIM its 



2 CASE-TAKING [chap. 

sentences. For this purpose the writing of resumes 
of cases will be found a useful exercise. He should 
also avoid lengthy verbal descriptions as far as possible, 
Especially where the facts admit of graphic ^presenta- 
tion. The use of outline diagrams will be found very 
helpful in this respect. Physical signs can be filled in 
on them by means of conventional symbols. 

We have appended to this chapter a scheme of 
case- taking wj^oh meets all necessary requirements. 
At the same *>, it must be used, like all such 
schemes, with some judgment and, elasticity. All the 
points mentioned heed not be minutely inquired pito 
in each individual case. For example, if a patient be 
suffering from advanced cardiac disease, there is no 
use in writing a minute description of the state of his 
teeth. Yet that is the kind of error into which be- 
ginners not infrequently fall. Of course, it demands 
some experience to enable one to say y(hat the points 
are which it is of importance to inquire into in any 
particular case, and at first one may sometimes be at 
fault ; but the application of a little common- sense 
will ensure the avoidance of any gross blunders."* 

The “ taking 55 of any case consists of two parts— 
I. The interrogation of the patient. 

II. The physical examination. 

I. The Interrogation of tSe Patient 

The object of the interrogation of the patient is to 
elicit information regarding his present'lllness and the 
state of his previous health and that 0 Of his family. 
The interrogation* must be pursued with patience’ the 
patient being allowed, as far &s possible, to tell his 
story in his own words. Two goof rules should be 
remembered — first, to avoid leading questions ; and, 
second, nevey to ask the^same question twic§. The 
use of leading questions is only occasionally allowable, 
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i] INTERROGATION HE TATIENT 

as, for instance, when one suspects that he has to do 
with a case of malingering, when one may get the 
patient to assert the existence of contradictory symp- 
toms, ^o^onfirming one’s suspicions. It may also be 
necessary in dealing with patients who are stupid 
either by nature or as the result of disease. When one 
is trying to elicit what are known as “ subjective 
symptoms,” the use of leading questions may also be 
admissible. It is important to a»j|f asking the same 
question twice, because to do scrrooks careless, and 
conveys to the patient the impression of taking but a 
languid interest in his case.* 

We may proceed now to go more into detail regard- 
ing the questions which should be asked. In doing so, 
we shall consider first the questions which one has to 
put in $very case — what one may call the general inter- 
rogation; and then we shall take up the questions 
which have te> be put in examining cases of disease 
affecting the different systems or organs — this may 
be called the syeciakirtierrogation. 

J.. General intiWo^atioit. — Begin by ascer- 
taining the patient’s name, age, occupation, and 
whether he Is married or single. It is also of import- 
ance to note his exact postal address for purposes of 
future communication. 

Two important questions then follow-^rfl) Of what 
does he-complahi ? j* (2) How long have the symptoms 
been present % Having thus defined his complaint and 
its duration, proceed to ascertain the chief facts in his 
history. „ 

The most^logical plan is to take the. family 

m 

* When one has to deal with a patient who is very deaf it will 
often be found convenient to use a binaural stethoscope as a speak- 
ing-trumpet, the ear-piece* being4>laced in the patient’s ears, while 
one speaks into the chest-piece. 

t It is a mistake to ask u What is the matter ? ” as this lays 
one open to the retort that that iswhat the patient came to find out. 
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tlASE-TAKING- [chap. 

history first.* It is usually sufficient to inquire re- 
garding the state of health or cause of death of the 
immediate relatives only — the parents, brothers and 
sisters, and, if the patient be married, offlife own 
children, if any. These facts tell us whether he is 
predisposed by heredity to any particular disease. 

One may then pass to his personal history. 
Here it is well to begin with what may be grouped 
together as the patient’s environment, or surroundings 
and habits . This includes inquiry into (a) the exact 
nature of his occupation, and whether or not it exposes 
him to injurious influences ; ( b ) his home surroundings, 
their sanitary condition or otherwise ; (c) the amount 
of exercise he takes; ( d ) the nature of his food, and the 
extent of his indulgence in such articles as alcohol, 
tea, and tobaceo.f Regarding alcohol, it is important 
to ascertain not merely how much — e.g. how many 
glasses of spirits per day,— the patient takes, but how 
and when he consumes it — e.g. with or between meals. 
The kind of tobacco he smokes and the number of 
ounces consumed per week may need to be ascertained 
in some cases. ( e ) One should always ascertain, lastly, 
whether or not he has ever lived abroad, find, if so, in 
what part of the world. 

The information thus acquired enables one to add 
to the tendencies to disease which ^the patient has 
inherited, those which he has acquired from his 
environment and personal habits. 

One should take up next the question of the 
patient’s previous- health. Ascertain what illnesses 
he has had, when he had them^ their duration, and 
* This statement is perfectly true in theory, hut in practice it 
is perhaps more convenient to begin with the history of the present 
illness, to pass from that to an inquiry into ’'lie patient’s previous 
health, ana thence to the family history. 

t When inquiring into a patient’s habits of life it will #ften be 
found advantageous, particularly in private practice, to ask him to 
give a brief account of a typical day. 
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whether or not his recovery from them was com- 
plete. It is usually necessary to inquire directly' as to 
whether or not the patient has ever had syphilis. . It 
is no? srftficient to ascertain that he has had a sore ; 
the question of secondary symptoms — e.g. rash — must 
also he gone into. If the patient denies syphilis, it 
may be necessary to ask whether or not he lias ever 
been exposed to the risk of it, and whether or not he 
has had any other venereal disease. In tie case of 
female patients, information regarding venereal dis- 
ease should, as fay as possible, be^obtained indirectly, 
direct interrogation on the subject being employed 
only when a definite history is absolutely necessary for 
the elucidation of the case. The student need hardly 
be reminded that even in these circumstances his 
questions should be put as delicately as possible. 

Having now ascertained the patient’s inherited and 
acquired tendencies, and the seeds of disease which 
may have been sown in him by his previous illnesses, 
we are ready to acqtfire information regarding his 
present ^disorder. 

Ask how and when it began, whether suddenly or 
gradually ; what was the first thing he noticed wrong ; 
what has been the order of appearance of his symp- 
toms, and which are those that chiefly trouble him 
at the present tune. Ascertain whether„or not he has 
already been leader treatment, and, if so, what has 
been done for him. 

This exjj&usts the general interrogation, and in- 
cludes the chief facts that have to* be inquired into in 
every case. 

2. The special interrogation, to which we have, 
already referred^ must be modified according to the 
particular organ whieh one believes to be affected and ^ 
the nature of the disease of which it is suspected to bp| 
the seat. It is here that the student has most difficult||| 
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It is only by experience that one can tell what it is 
essential to ask in each individual case. In order to 
help the beginner, however, we have drawn up for his 
guidance a scheme of interrogation which he*can pur- 
sue when he has reason to suppose that the patient’s 
general symptoms point to an affection of any particu- 
lar system or organ. Such a scheme is necessarily very 
far from complete, and may require to be supple- 
mented in individual cases. Nor is one able in such a 
work as this to explain tvJiy such and such questions 
should be put in affections of this* or that organ or 
system. The reasons for the questions the student wfll 
find out for himself in due time. Our present object is 
.merely to help him in the interrogation of his earlier 
cases, so that he may not miss any important facts. 
The questions are to a considerable extent concerned 
with eliciting what are sometimes spoken of as 44 sub- 
jective symptoms ” — i.e. the morbid sensations experi- 
enced by a patient as the result of the disease of some 
organ or system. * 

In making the notes, these, along with tke other 
replies, should be entered under the special system to 
which they refer. 

1. Alimentary system and abdomen.* 

* While the methods of gynaecological examination are beyond 
the scope of thiS booh, yet it must not be forgotten that it is fre- 
quently necessary in purely medical cases to inquire regarding the 
menstrual function. The cases in which such inquiry may be 
required are too diverse to be enumerated here. Ii*need hardly be 
said that the necessary questions should not be abruptly put to the 
patient, but should be delicately led up to. Having inquired re- 
garding the regularity of the bowels, one may ask if the patient is 
“ regular in her own health ” or “ regular in her unwell times.” 
It will be remembered that in a majority of fsases menstruation 
recurs every twenty-eight days, but the intervals may be longer or 
shorter according to the patient’s habit. 15 menstruation has 
ceased, one must inquire how long it haft been absent. Normally 
the cessation of menstruation, oiunenopause, should not occur till 
about the forty-fifth year. It is also necessary to inquire whether 
the patient is losing more or less J>lood than usual. This is spe- 
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(а) Symptoms point to an affection of the stomach; 
Inquire regarding — 

Appetite. — Is it excessive, diminished, or capricious ? Does 
it increafe oh eating ? Does he suffer from thirst ? 

Meals . — Arrangement of these ; the nature of the food. 
Does he eat between meals ? 

Sensations referred to stomach. — Their nature, and where 
exactly they are felt. Their relation to the taking of food ; 
are they produced or relieved by it ? How long after food do 
they come on ? Are they specially influenced by different 
kinds of food ? Distinguish especially between “ pain ” and 
mere 44 sense of discomfort ” or 44 fullness.” 

Vomiting. — Frequency and time of ; »by day or by night ; 
in t%e morning or in the evening. Its relation to food ; is it 
only after food, or does it occur at other times ? Its relation 
to pain ; does it relieve pain or not ? Does patient strain and 
retch much, or does the vomited matter come up quite easily ? 

General characters of vomited matter . — Its amount and 
colour. Is there ever “ coffee-grounds ” vomiting ; is it ever 
sour and frothy ? 

Eructations.— Presence or absence ; have they any taste ? 

Flatulence . — Presence or absence ; after food only or be- 
tween meals ? Relation to particular articles of food. Does 
the flatus tend to escape doVnwards or upwards ? 

State of* the bowels . — How often are they opened ? Any 
special characters of the motions. 

(б) Symptoms point to an affection of the intes- 
tines. Inquire regarding — 

Diarrhoea. — Its frequency and its relation to meals or to 
special articles of f<£pd. Character of the motions. Has he 
ever passed any blood or slime ? Is there any* straining or 
tenesmus during defecation ? Is there any flatulence ? 

Gonstipation^-Whsut is his usual habit ? are the bowels 
opened regularlvv and if so, how often ? How long since the 
last motion ? Sas he ever noticed any grooving or flattening 
of the motions ? Does the constipation ‘alternate with diar- 
rhoea ? Has he any griping pain ? Has he had any vomiting ? 

cially indicated in cases of anaemia. If the menstrual flow lasts for 
less than two or moije than eight days, it is tb be regarded as 
abnormal. The presence o$ absence of pain at the period is also a 
point of $ome importance. The age at which menstruation began, 
and the occurrence or not of intermenstrual leucorrhoea (“ white 
discharge ”), must sometimes be inquired into. 
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Pain, — Character ; persistent or intermittent. Where is it 
felt worst ? Is it relieved or aggravated by pressure ? 

. (c) Symptoms point to an affection of the liver — 
e.g. patient is jaundiced, or has pain in region T>f liver. 
Inquire regarding — 

Pain. — Its site. Has he ever any attacks of very severe 
pain, coming on suddenly and lasting for a few hours ? If 
so, did the pain radiate, and in what direction ? Was there 
vomiting with it ? Was he yellow at all after it subsided ? 
Has he ever pain in the tip of the shoulder ? 

Hoes he suffer from piles ? 

Hoes he ever vomit blood ? • 

Has he noticed any change in the colour of the urirm or 
faeces ? 

Hoes his skin itch at all (if he is jaundiced) ? Inquire also 
regarding his digestion on the lines of the interrogation already 
laid down for affections of the stomach. 

2, The symptoms point to an affection* of the 
circulatory system. Inquire regarding — 

A family history of gout* rheumatism, anfma, apoplexy, or 
heart disease. 

A personal history of rheumatic fever, St. Vitus’s dance,- 
scarlatina, or diphtheria. (If a child, ask also #bout sore, 
throats and “ growing pains.”) 

The following subjective sensations : — * 

Dyspnoea. Has he to sit up in bed, or can he sleep lying 
down ? When does it come on ? Prcecordial pain or distress ; 
its exact site and character ; does it radiate or not ? If so, in 
what direction ? Palpitation ; its relation to meals, and to 
exertion. H<3es the heart give an occasional thump now and 
then ? Sleepy good or bad j does he dreaua ? Giddiness, is it 
ever present, and when ? Is there any sense of undue 
exhaustion after bodily or mental work ? e 

Ask also for signs indicative of general f^llous distension 
7 * e *£* do the feet ever stfell ? Has he any cough ? What is 
the state of the digestion ? Hoes hi$ nose ever bleed ? 

3. The symptoms and appearaifbes point to an 
affection of the blood. Inquire regarding — 

Family history of bleeders. Has\e had any loss of blood ? 
Has he bleeding piles ? (If a woman— is menstruation exces- 
sive or diminished ?) What is the state of the bowels ? 



i] INTERROGATION. OF •PATIBNT 9 

Any possibility of lead-poisoning or malaria ? 

Such subjective sensations as breathlessness on exertion ; 
headache ; giddiness. 

Do the feet ever swell ? 

• • 

i. The symptoms point to an affection of the 
respiratory organs. Inquire regarding — 

Family history of bronchitis, asthma, phthisis, or ** scro- 
fula.” The patient’s occupation ; does it expose him to the 
inhalation of irritating fumes or particles ? Has he ever had 
large glands in the neck ? Does he sweat at night ? Is he 
getting thinner ? 

Gough. — Its chapter and frequency ; when is it worst ? 
Does it pain him or not ? Does he ev&r vomit with it ? 

Expectoration. — Its amount and general characters ; yellow 
or riot ? Ever blood in it ? If so, i» it only after • severe 
coughing ? Is the blood bright and frothy or dark in colour ? 

Pain in chest — Is it aggravated by taking a breath ? 
Constant or not ? Where seated ? 

Dyspnoea. — When is it felt ? If spasmodic, ask him to 
describe an attack. 

/ 5. The s}ftnp toms point to an affection of the kid- 
neys — e.g. general dropsy — or urinary passages — e.g. 
pain in joucturition. Inquire regarding — 

Family history of Bright’s disease, gout, or apoplexy. 

Personal history of scarlatina, syphilis, lead -poisoning, pro- 
longed suppurations, gravel or gout, and previous renal disease. 

Has he any pain in the lumbar region ? Ever any attacks 
of acute pain shooting down into the groin ? 

The following remote symptoms : — 

Headache, voiSiting, drowsiness, paralysis or fits, dimness 
of sight, dyspno#. 

Does the face ever look puffy in the morning ? 

What is tffe state of the bowels ? 

Inquire regarding micturition as follows : — 

Urine . — Is it altered in amount ? Has he to rise in the 
night to pass it % 

Is it altered in colour ? Is it clear or turbid when passed ? 
Ever any blood in^lt ? If so, at what period of micturition is 
it present ? * 

Is \here any increased frequency of micturition ? Is the 
increase by day ‘or by night ? 
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Is there any pain during micturition ? Is it before, during, 
or after the act ? What is its character, and where is it felt ? 
Is it aggravated by movement ? 

6. In skin diseases. 

Inquire carefully into the patient’s personal habits ^ as 
regards diet, clothing, and washing. Ask if he has been taking 
any drugs recently. It may be necessary to inquire carefully 
regarding syphilis. Does the eruption itch ? If so, when is 
the itching worst ? Did the eruption appear all at once or in 
crops ? (Family history of gout ; previous history of rheu- 
matism, anemia, etc.) 

7. The symptoms point to an # affection of the 

nervous system. Inquire regarding — #> 

A family history of mental disease, St. Vitus’s dance, 
paralysis or fits. 

The nature of the patient’s work ; is he exposed to any 
poisons — e.g. lead, mercury, arsenic, naphtha, etc. Syphilis 
and alcohol should be inquired about with special cai#. 

In cerebral cases it is often very important to inquire 
regarding discharge from the ear. 

Should he complain of fits, the following questions should 
be asked : — 

Age at first fit ? Any assigned $ause ? Describe the first 
fit. When did the second occur ? What has been shot test and 
longest interval between the fits ? Are they more or less 
frequent now ? Do they occur in sleep or not ? • Has he any 
premonition or aura ? What is its character ? How long 
before the loss of consciousness does it occur ? Is the onset 
sudden or gradual ? Are convulsions present ? Are they 
general or local ? Where do they begin and end ? Does he 
fall ? Has he ever hurt himself ? Does he bite his tongue, 
micturate, or defsecate during the fit ? Are-* there any after- 
symptoms, such as sleep, headache, automatism, ^or paralysis ? 
Is there any subsequent mental disturbance ? 

If he complains *of paralysis, inquire regarding — 

Symptoms of heart disease, or chronic renal disease (see 
Circulatory and Urinary Systems). Had he-any premonitory 
symptoms before the onset ? Has he any headache or vomiting ? 
Where is the headache situated ? Has he’ any giddiness or 
difficulty in walking ? (The method® of eliciting other sub- 
jective symptoms of nervous disease is considered along with 
the investigation of the cranial nerves in Chap. IS., p. 411.) 
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8. The symptoms point to an affection of the 

bones or joints. 

Inquire specially, in the family history, for tubercular 
disease, •rheumatism, gout, or syphilis, and in the personal 
history for tubercular disease, previous manifestations of gout 
or rheumatism, for syphilis or gonorrhoea, and for any remote 
or recent injury (and in a woman for leucorrhoea or post-partum 
trouble). 

If there be pain referred to a bone, ask whether it is worse 
during the day or during the night. If the pain be in a joint, 
ask whether it is present constantly or only when the joint is 
moved. Are there any starting-pains at night ? Is the pain 
affected by weather ?• Does the pain shift from one joint to 
anther ? 

If the patient be a young child, the following 
special questions should be put to the mother* : — 

How many other children are there ? Any dead, and of 
what ? JVhere does patient come in the family ? Have there 
been any miscarriages ? If so, when ? Health of father's and 
mother’s family ? Mother’s health during pregnancy ? 

Was this a fud-time child ? Was the labour normal ? Was 
the child breast-fed : if so, how long ? If not, how was it fed ? 
What food does it get now r Had it any rash after birth, or 
any snuffle ? When did it begin to get its teeth, and to walk ? 

What is the usual state of the digestion and bowels ? 

Inquire regarding previous illnesses : Fits (number and 
dates), attacks of diarrhoea, vomiting, sore-throat or bronchitis. 
Infectious diseases and ages at which they occurred (measles, 
whooping-cough, chicken-pox, scarlatina, etc.). Has there 
been any running from the ears ? ‘ If the child has a cough, 
inquire whether it Tias ever whooped, when the attacks are 
worst, arid whether the cough is ever followed by vomiting. 

The interrogation of the patient being completed, 
one proceeds nte — 

II. The Physical Examination 
* 

One investigates first of all, in every case, the 
patient’s general state. This includes the general con- 
dition of his nutrition; the presence of any obviously 
% 

* In the absence of the mother, note from whom the history 
was obtained. 
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morbid appearances, and the other points considered 
T Ct i P- n ; 0ne P roceeds after that to the 
r ° f eadl system by itself - What system 

should be taken up first ? As regards thisf there are 

-rf Ie metbods - One may either take up the 
systems m one and the same order in every case, be- 

ineTf’+lf 7, the Alim entary, or one may exam- 
“W*® T hieh is most affected. The latter 
“ ’ l S w }°l% th ? b * ttei P hn > Provided always that 

diseased* 6 The J J sySt T is ^ £ most 

Tb ad.vanta.ge of this^method is that it 

fhlnlT prominence to the most important part of 

e eefe to 1 adon? 1 l Unatl0n ' Wblcliever P lan the student 
elects to adopt, he may now proceed to the nhvsieal 

w“t n t ^ **T* W*» m accordance 
ZT Jj" instructions laid down in the following chap- 

S™ Sw lang " tle » rf » 

. , 0nly ° ne more point regarding case-taking remains 

ne»fe P ^S’ and that is , Ue importance of noting 

SSl for? as ?°f 1Ve facts - U is ofteC quite as 
essential, for example, to state that such a symptom as 

dy pneea is absent as to record the fact ofits presence 
This is a point the importance of which is apt not to be 
fully appreciated by the beginner P ' 

inationshS?’ * need bardly be that the exam- 
ination should be carried out as gently as possible alt 

unnecessary exposure, exhaustion, or chilLg of the 
pafaent being carefully avoided. If £e patienVbe 
abkft mg ^ 1< l m SeV9 n 6 ^ ac . ut6 disease, itmay be advis- 
that wh?eh S * P01 v, e a i P bys i cal examination other than 
hi conSon abs , o ute y uecessary fo»the diagnosis of 
kil n n ’ • for guidance m treatment. It should 
also be borne m mind thatwhena pttient is much 1 

« hS v SUff d n Qg fr ° m ™ of £ 

heart, very dangerous and even fatal results may 
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ensue if lie be thoughtlessly made to sit up in bed in 

order to have his chest examined. 

.CASE-TAKING SCHEME 

I. Interrogation 

Name. Age. Occupation. Married or single. Address. 

Date of coming under observation. 

Complaint. 

Duration. 

Family history.* 

Inquire regaiding parents, brothers anil sisters, and patient’s 

• own children. Note state of their health; or the 
cause of their death, with age at which they died. 

Personal history. 

Environment. — Nature of work and its surroundings. 
Hygienic conditions at home ; habits as to exercise, 
fobd, tea, alcohol, and tobacco. 

Previous illnesses or accidents (if any), with their time of 
occurrence, duration, and results. 

Present illness. — Time and mode of its origin, the order in 
which symptoms appeared, and the chief symptoms 
which trouble patient now ; treatment (if any) already 
employed. 

II. Physical Examination 

1. Present state. 

General condition. — General state of consciousness and 
intelligence, rc Decubitus (if in bed), or attitude and gait 
(ifsUp) (pp. 19 and 22). General state of development 
and nutrition. Expression of face ; presence or absence 
of pallor^ jaundice, cyanosis, dropsy, or trophic changes. 
Presen<p ror absence of any special characters of the 
hands (p. 33). Glandular enlargements. Character of 
the respiration, and the presence or absence of cough. 
Take the temperature. 

2. Alimentary ^system. 

Subjective symptoms^ ( see Special Interrogation, p. 7). 

Examine the mouth (including the teeth, gums, and tongue). 
See first footnote on p, 4. 
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the pharynx, and fauces (pp. 47-52), and the (esophagus 
(with use of sound if necessary) (p. 52). 

General inspection, palpation and percussion of the abdomen 
(pp. 57 t 66). ^ 

Stomach . — Palpation and percussion (pp. 68-'rl). Exam- 
ination of test breakfast or vomit (pp. 84-95).. ^ 
Intestines. — Investigation of (p. 82). Rectal examination, 
if necessary (p. 83). Examination of faeces (p. 95). 

* Liver and gall-bladder. — Examination of, by palpation and 
percussion (pp. 72-76). 

Spleen. — Examination of (p. 76). 

3. Circulatory system. 

Heart. — Subjective symptoms (Special Interrogation, p. 8). 
Pulse . — Describe its rate and its rhythm. Compare ^he 
force of successive beats. Ascertain the state of the 
vessel walls. Note the blood-pressure during and be- 
tween the beats. Observe the amplitude of the pulse- 
waves. Analyse a complete beat of the pulse regarding 
rise, maintenance, and fall of pressure, and determine 
the presence or absence of secondary wav$3. Take 
tracings if the pulse is abnormal. 

Inspection and palpation of prcecordia , noting position and 
character of apex beat, presence or absence of epigas- 
tric pulsation or praecordi^I thrills, or of pulsation in 
the neck or at the base of heart. 

Percussion of heart (p. 135). 

(a) Upper border) 

(b) Right border - superficial, deep. 

(c) Left border j 
Auscultation of heart (p. 151). 

(a) At apex and a little internal to it. 

(b) Tripuspid area at lower end ofcsternum. 

(c) Aortic area. 

( d ) Pulmonary area and a little outside it. 

(e) Between base and apex (3rd and dtb left costal 

cartilages). 

(/) Veins and arteyies of neck. 

If a bruit is heard, note — 

(a) Its time. * 

(b) Its character (musical, harsh, etc.). 

(c) Its point of maximum intensify, 

(d) Its direction of propagation. 

4. The blood. 

Count the red and white corpuscles (pp. 210-24). Esti- 
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mate the haemoglobin (pp. 225-31). Examine the 
blood microscopically, making films if necessary (pp. 
231-45). 

5. Respiratory system* 

Subjective symptoms (see Special Interrogation, p. 9). 
Count the respirations and describe their character. 
Inspection of chest, noting its shape, power of expansion, 
etc. (p. 252). 

Mensuration of the two sides of the chest. 

Palpation of chest (expansion and vocal fremitus) (p. 264). 
Percussion of lungs anteriorly, laterally, and posteriorly 
(p. 269). 

Auscultation of lungs in same order „(p. 281), noting — 

^ (a) Type of breath sounds. 

( b ) Character of vocal resonance. 

(c) Presence or absence of accompaniments. 

Sputum. — Note its naked-eye and microscopic characters 

(p. 299). 

6. llrmary system. 

Palpate the kidneys (p. 80). 

Examine thS urine — physically (p. 311), chemically (p. 
322), microscopically (p. 379), making a note in every 
case of the following points : — 

Quan^ty in twenty-four hours, colour, specific gravity, 
reaction, odour, general character of deposit. 

Presence qr absence of albumin, blood, sugar, and bile. 
Microscopic characters of deposits. 

7. Skin. 

General colour ; presence or absence of pigmentation or 
eruption ; nature of “ primary lesion 55 in eruption and 
of “ secondary lesions, 55 if present (p. 398). 

Palpate the skin ; dryness, smoothness, thickness, elasticity. 
Character of subcutaneous tissues. 

8. Nervous system* 

Inquire regarding subjective symptoms (.see Special Inter- 
rogation, p^lO). 

Investigate state of — 

(1) Intellectual functions (intelligence, memory, sleep, 

coma, delirium, speech, etc.) (p. 432). 

(2) Cranial nerve functions (testing them in order) 

(p. 441). 
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(3) Motor functions (noting presence or absence of 

paralysis, or of abnormal muscular movements, 
and state of muscular nutrition) (pp. 479-92). 
Electrical reactions of muscles and nerves, if 
necessary (pp. 511-24). . _ 0 ^ 

(4) Sensory functions (including condition of sensibility 

to touch, weight, temperature, and pain, and the 
muscle sense) (pp. 492-98) ; presence or absence 
of abnormal sensations (p. 498) 

(5) Reflexes : — 

Superficial reflexes (p. 499). 

Deep reflexes (p. 503). 

Organic reflexes and sphincters (p. 509). 

(6) Vaso-motor.and trophic changes. Tache or abnormal 

flushing. Localized pallor or blueness. Sweating 
(presence or absence in any locality). Joint 
changes. Changes in the nails, hair, or skin 
(abnormal pigmentation, eruptions, atrophies, 
etc.) (p. 510). 

9. The eye. 

Appearances seen on ordinary inspection of lids, con- 
junctiva, cornea, iris, etc. (p. 525). * 

Use oblique illumination and ophthalmoscopy, noting state 
of media, refraction, and ^characters of fundus (pp. 
528-42). 

N.B. — The fundus of the eye should be reported? on in all 
cases of nervous disease. 

The ear. — -Examine pinna, meatus, and mefiibrane (using 
speculum and inflation if necessary) (p. 542). 

The throat, nose, and larynx."— Examine larynx 
(laryngoscopy) and anterior and posterior nares (pos- 
terior rhinoscopy) (pp. 547-55), rating any abnor- 
malities. 

10. JLocoinotory system. 

Describe any changes in the bones or joints (p. 556). 

Diagnosis 

(Prognosis) 

Notes of Treatment and Progress 
(Daily notes in acute cases ; in others make a note of progress 
every three da£s.) 

State on dismissal. 

If patient died, add notes of post-mortem (if held). • 
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The following special scheme for cases presenting 
mental symptoms has been drawn up by Dr. 
Henry Head, and will often be found useful in medical 
wards: — a 

1. General. 

The aspect of the patient as modified by the mental dis- 
turbance., General attitude and behaviour. 

Any peculiarity in clothing. Does patient tend to strip 
himself or behave indecently ? Can he dress himself ? 
How does he take his food ? 

General standard of intelligence. Can he read ? Can he 
write ? Can he*amuse himself with pictures ? 

speech as modified by the mental state. 

Is he destructive ? 

Is he dirty in his habits ? If so, is it from inattention, or 
is he actively dirty ? 

Masturbation, alcoholism, etc. 

Is he cataleptic or rigid ? Does he make any rhythmical 
movements or sounds ? Restlessness or tremor of the 
hands ? Over-action of muscles of face ? 

Hoes he sleep ? 

Hoes he tend to wander about the room or house at night ? 

2. Sensory, 

lllusions^oi sight, hearing, smell, taste. Subjective sensa- 
tions of tftuch based upon wrong interpretation of some 
actual sensation. * 

Hallucinations . 

3. Emotional. 

Exaltation. — Chattering, shouting, singing.- Excessive 
sens© of well-being. Restlessness or violence. • 

Depression. — CryTng, sighing, moaning. Miserable feeling, 
either in ^tacks or continuous. Fear. Is the patient 
suicidal ^ m 

Erotism. — Are the patient’s statements coloured by an 
erotic tone ? Give examples. 

Religion. — Is the patient’s mental state coloured by an 
extravagantly 1 religious tone . ? 

4. Memory. • 

Memory of intention, i.e. does the patient wish to say or 
do something and immediately forget the intention ? 
Hoes the patient misplace things t 
G 
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Memory of recent events. 

Memory of remote events (e,g. events of childhood). 

[If recent memory only is lost, try and find out when the 
break in memory occurs.] 

5. Ideation. 

Orientation . — Sense of time and space. Delusions of 
identity (i.e. does patient mistake those around him for 
his friends and associates before he entered hospital, or 
does he imagine they are famous or legendary persons ?). 
Does he appreciate his surroundings, or does he imagine 
himself elsewhere than he really is ? Does he in- 
vest the acts of those around him with a secondary or 
symbolic meaning ? Does he describe actions he has 
performed, in themselves not impossible or improUkble, 
which, however, did not actually occur ? (e.g. when in 
bed with alcoholic paralysis does he describe the walk 
he took in the morning, the people he met, etc. ?), 

Coherence or incoherence of ideas. 

Delusions of suspicion . — Continuous or only in attacks. 

Delusions of persecution.— Action of unseen agencies, etc. 
(especially at night). 

Delusions of grandeur . — Riches, power, bodily strength. 

Delusions concerning his health or bodily state. 

Fears (unfounded) in neurasthenia. 



CHAPTER II 

GENERAL CONDITION AND APPEARANCES 

Before commencing the physical examination, the 
p ysician may gather invaluable information from a 
more general survey of his patient. During the time 
occupied in asking questions, and even before it, the 
a e eye and ear* may detect much that has an 
mpprtant bearing on the case. Experience in actual 
imca practice can alone educate to this, but some 
lines may be indicated along which to work. 
r . ne 0 . e things to observe is the attitude 

patieMt . as . lle lies In feed (decubitus). In 
l ^P erso n lies m any manner in which he feels 
i • * -, r a t? sometimes on his back, sometimes on 

mlfxr fr.’ ^0 c hanges bis position without much diffi- 
T ?° time > and bas no hesitation in 
otherJL ^ attltude ^ be slips from his pillows or feels 
will offprf im £ 0m £° r * :a kl e \ But tbe stress of disease 
fever hn* G ° n n f.^! s ac ^^ityin narrow bounds. When 
red ii red f i rUn or wiierL s °me other cause has 

his ccmsoin ^ atlen ^ to ex treme weakness and dulled 
secure a ^^^ eSS, ^ n ° lon § er makes any effort to 
wards from 1 v* 1 ft 4 COmf0 ^ but passively slips down - 
in °bedienc e to the law of 
the resul W daccid , and silent even when 

^rsr^^“LX rendel tle ■* of 

facfShr t and P^ura. The two main 

ease with a ^titude are, first, the greater 

ease with which respiration can be performed In one 
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side than on the other ; and, second, the fact that in 
certain positions the pain is rendered less acute, whilst 
in others it is aggravated. When these Jacjors co- 
operate, it is easy to say which side the patient will 
choose. Thus, in pleurisy with much effusion, where 
the chief difficulty is the mechanical one of providing 
sufficient expansion for the uninjured lung, and where 
pain is slight or absent altogether, the patient will be 
found lying on the diseased side. If, however, pain 
be the prominent element, as occurs in the earlier stage 
of pleurisy, he will best secure easy respiration by 
lying in the position of least suffering. What^his 
position will be' it is not easy to predict, for the pain 
depends both on the amount of movement and the 
pressure exerted by the inflamed surfaces on each 
other. When the inflamed pleura is uppermost its 
movement is greatest, but its pressure against the 
chest wall is least when it is lowermost the opposite 
is true ; and so when movement is the chief cause of 
pain the patient will he on the affected side, but when 
pressure exerts the greater influence, on hhe sound 
one. In either case, however, he confines himself to 
the selected side, and any change indicates an altera- 
tion in the state of the disease. 

Another class of patients who prefer one side are 
those who have a cavity in the** lung. When this 
cavity lies with its aperture below, Che secretion flow- 
ing from it enters healthy bronchi, ap4 by irritating 
them maintains a perpetual and most distressing 
cough. If, however,' "such a patient turns over, so that 
the cavity fills before its contents escape, a period of 
tranquillity is obtained, and thoughrthe cough eventu- 
ally recurs, a larger quantity of secretion is promptly 
got rid of, and another period of rest secured. When, 
as frequently happens in phthisis, the secretion is 
tough and scanty, this symptom is inconspicuous. 
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Even in health many persons feel more comfortable 
on one side than on the other, and when ill will often 
continue to prefer the accustomed attitude ; hence the 
fact that the patient is repeatedly found on one side, 
although it suggests the propriety of being on the out- 
look for disease, does not always indicate its presence. 

In cases where great demands are made upon the 
respiratory system, and especially when it fails to 
respond fully to such demands, the sufferer can 
rarely he down in bed, but sits more or less erect 
and propped up with pillows. To this condition the 
naijae of orthopnoea has been given. It is common 
in advanced stages of heart, lung, and kidney disease, 
and its rationale is found in the fact that this atti- 
tude permits of freer use of the accessory respiratory 
muscles, whilst it leaves the diaphragm less impeded 
by intra-abdominal pressure, and perhaps, also, acts 
favourably on the intracranial venous pressure. When 
the abdomen is greatly distended the sufferer cannot 
flex his thighs without raising the abdominal pressure ; 
at the same time he prefers to sit up rather than to 
remain in bed, in order that the weight of the fluid 
may not hinder the descent of the diaphragm. In 
sitting up he tries to avoid bending his thighs, and 
therefore he keeps well forward in his arm-chair, 
sometimes almost in a kneeling attitude, whilst he 
rests hi» head on a table placed before him. In 
such cases it is obvious that the removal of the ascitic 
effusion may afford unspeakable relief to the patient. 

In abdominal disease, especially when the peri- 
toneum is involved, the aspect is frequently character- 
istic. The patient lies on his back with a rigidity of 
attitude and shallow respiration which betoken the 
pain that any movement produces, whilst one or both 
legs are*drawn up, according as the inflammation is 
limited to one side or has become more general. 
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In colic and dysmenorrhoea there is often great 
restlessness, which contrasts vividly with the fixed 
attitude of serous inflammation. In renal colic the 
patient tosses about and tries one poaiticfn after 
another in futile search for a posture free from pain ; 
whilst the less acute but more constant dragging pain 
of renal calculus produces a drooping of the shoulder 
on the affected side, which is most marked when the 
patient is erect, but may be present even in bed. 

Patients who are attacked by acute rheumatism 
have a peculiar aspect of helplessness, the limbs lying 
motionless, the joints being swollen, stiff, and paiaful. 

Various diseases of the nervous system produce 
characteristic attitudes ; peculiarly important is that 
of meningitis, where the neck, is bent backwards so- 
that the head seems to bore into the pillow. 

When possible, the physician should not onjy study 
his patient in bed, but should also see him up and 
walking. Many very characteristic attitudes, which 
are of the greatest value in forming a diagnosis, can 
only be observed when the»patient is in. the erect 
postme. Thus the forward stoop, the stiff neck, the 
tremor, and the fingers flexed at the metacarpal joints 
and working against the thumb as though engaged in 
making cigarettes, are as characteristic of paralysis 
agitans as is the festinant gait. r 

When the patient is standing observe (1) the 
pose of the head ; (2) the set of the shoulders ; (3) the 
inclination at which the trunk is carrietl on the pelvis 
— thrown back in hypertrophic muscular paralysis, in 
pregnancy, and in massive abdominal tumour, often 
bent forward when abdominal pain ^ present ; (4) the 
position of the arms and hands ; (5) the outline of 
the lower limbs. r 

When the patient walks, any peculiarity in his 
gait must be observed. The more important types 
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*of gait are described in Cbap. XL, but tbe student 
must remember not only that alterations may be due 
to diseases of tbe muscular and nervous systems, but 
that tbe p*dn of a gouty toe, or of a blistered heel, or 
surgical conditions in the ankle-, knee-, and hip-joints, 
likewise produce characteristic effects. 

At least a passing glance should be bestowed on 
the dresj^. Apart from insanity, where the patient’s 
clothing is frequently dishevelled or grotesque, one 
may discover indications of a local or general change 
in his bulk, olnis boots may wear unevenly in conse- 
quence of some abnormality of gait. 

The general development and nutrition 
of the patient demand careful examination. In differ- 
ent types of men very considerable variations must be 
looked for, and various races differ greatly in breadth 
of che^t. Age also is a factor which cannot be left 
out of the reckoning, and a proportion between height, 
girth, and weight that would be natural enough at 50 
^may be quite abnormal at 21. Becognizing, how- 
, ever, that variations r^ust be expected in individual 
cases, there is still a certain general ratio between 
height, weight, and chest circumference which has 
been found to represent the average of a very large 
number of cases, and may therefore be taken as a 
rough standard, any wide divergence from which 
would call for special explanation. The table on 
the following page is one of several that have been 
compiled from very extensive statistics. A deviation 
of more thaffi ^0 per cent, either in excess or defect 
from the figures tabulated would, for insurance 
purposes, be regarded as incompatible with a first- 
class life. 

Various attempts have been made, with partial 
success, to produce a formula which would enable 
the weight to be estimated when the height and girth 
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are known. One of these, cited by H. Vierordt, is 

H G e 

W = -gjjj kilogrm., where W stands ^or weight, H for 

height in centimetres, and G- for girth in. centimetres. 
If one translates the metric into tfie^more nsual 


British system, estimating the weight in pounds and 
the height and girth in inches, the formula becomes 


It is important to compare the chest girth taken 
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at the level of the nipples * with that of the abdomen. 
If in a man below middle age the latter measurement 
is the larger, it either indicates an undue tendency to 
fat formation, which may at a later period impair his 
vitality, or it is due to intra-abdominal disease. 

When these measurements have been made, the 
nutrition of the patient is observed. Under this head 
one notes whether the patient is too stout, is well 
nourished, or is emaciated. In health there is a fair 
quantity of subcutaneous fat, the muscles are of 
moderate - size and firm texture, whilst those which 
ha^e been called into special exercise in the ordinary 
occupation of the individual under examination may 
be markedly prominent^ and the skin is elastic and 
neither very moist nor very dry. When nutrition is 
perverted, the muscles become flabby, and the sub- 
cutaneous fat is increased so as eventually to become 
burdensome to its possessor ; or emaciation sets in, 
owing to the balance between ingestion and excretion 
becoming deranged, and the waste of tissue exceeding 
its reparation. Emaciation is thus an important in- 
dication of many diseases, especially those which are 
accompanied 'with fever. 

In estimating the state of nutrition the observer 
will take into account the general build of the patient 
— some are naturally small and slight, others are large 
and raw-j3oned ; and one also meets with persons who, 
though possessed # of little subcutaneous fat, have well- 
nourished muscles, whilst others, whose muscles are 
weak and soil, «have an abundant supply of fat in the 
subcutaneous tissues. 

Besides the nutrition of the patient, an attempt 
should be made tb ascertain his temperament and, 
if present, his diftthesis, since this often exerts a 
marked jmftttence on the course of his illness. The 
* In male subjects. 
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analysis of temperament is beyond the scope of this 
work : the senior student will find valuable contribu- 
tions to the subject in Hutchinson’s “ Pedigree of 
Disease.” © 

To the trained observer the expression of the 
patient yields information of the very highest import- 
ance, and amongst the factors which determine ex- 
pression the eye holds the foremost place. Some 
patients cannot look their doctor in the face, and this 
tendency to avoid catching his eye is important, as 
indicating a probability that the information they are 
about to give lacks truthfulness, and also that they 
are not to be trusted to obey the instructions which 
they receive. Sometimes th§ eyes are restless, follow- 
ing every movement of the attendant, as often occurs 
in phthisis ; at other times they stare vacantly into 
space, regardless of all that is passing around them— a 
condition well seen when the consciousness is growing 
dull. In exophthalmos the eyes are prominent, and 
show a ring of sclerotic above the cornea ; or the 
prominence may be due to a- high degree of myopia. 
In wasting disease or in profound collapse, such as is 
found in cholera, the sunken eyes and half-closed 
eyelids cannot fail to command attention. There are 
racial differences in the “ set ” and obliquity of the 
eyes, and by noting this feature something may at 
times be learned either of the heredity of a patient or 
of the tendency to reversion towards a lower type. 
The arch of the eyebrows may give a hint, where it is 
either excessive or top slight, of a pro$l&ity to tuber- 
cular disease, and an even closer connection seems to 
exist between the strumous tendency and long, dark 
eyelashes, coupled with singularly clear sclerotics. 

More detailed reference is made in a subsequent 
chapter to important abnormalities in the jiifferent 
structures of the eye, where the student will learn 
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how the conjunctiva and sclerotic tell of tubercle 
and Bright’s disease, of anaemia and rheumatism, of 
jaundice and of intemperance ; and how the cornea 
foretells aR early onset of senile changes in other organs 
by the appearance of an arcus senilis, or reveals the 
ravages of syphilis and struma ; how the size and 
mobility of the pupils indicate the existence of disease 
in the nervous system, or the presence of aneurysm, 
or it may be only of synechise from an old iritis ; and 
how the iris may contain a tuberculous nodule, or be 
muddy and discoloured from iritis. 

oThe lower eyelids are puffy and oedematous, 
especially in the morning, when the pati.ent is suffering 
from Bright’s disease ; §nd a like appearance is often 
to be noted in patients who are suffering from very 
severe paroxysms of cough. It is very characteristic- 
ally present in children affected with whooping-cough. 
The eyelids may also be swollen and inflamed as the 
result of bug bites. 

People look “ dark under the eyes ” when their 
digestion is out of order, or when fatigued, especially 
from want of sleep ; and often women are darker 
under the eyes during menstruation than at other 
times. 

The nose has a sunken bridge in congenital 
syphilis ; the tip is red in some cases of mitral regurgi- 
tation, in habitual drunkards, in females with chronic 
indigestion, and 'sometimes in purely local conditions. 
Undue mobil&y of the alee nasi may be due to neurosis, 
or it may in$i<?ate obstruction to inspiration, and is in 
this respect very important to look\for in infants. 
Young persons who suffer from adenoids, and to a 
lesser extent those afflicted with enlarged tonsils or 
chronic bronchitis, have pinched noses and open, fishy 
mouthy. The pinching of the nose is due to falling-in 
of the alee nasi where they lose the support of the nasal 
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bones whilst the mouth is kept open to reduce the 
resistance to the entrance of air. 

The lips are pale in chlorosis and other forms of 
anaemia ; livid and blue in heart disease when com- 
pensation fails. A thick, short, and coarse-looking 
upper lip is often found in association with a phthisical 
tendency, whilst thin, mobile lips occur in persons of 
a neurotic temperament, and especially in female 
invalids whose constitutions are naturally weak, and 
who have not, nor can ever hope to possess, a large 
stock of vitality. Herpes on the lip is very often asso- 
ciated with inflammation of the respiratory tr%ot, 
and is often an early and suggestive accompaniment 
of pneumonia. When it occurs in a patient who is 
obviously ill the chest should always be most carefully 
examined. 

The ears are often ill developed in idiots, and some- 
times in the insane develop hsematomata. Of greater 
frequency is the occurrence of tophi in persons of 
gouty habit. 

The cheeks give valuable* information regarding 
the patient’s health. In anaemia and aortic disease 
they are pale ; in hectic fever there is a bright circum- 
scribed blush over the malar bones ; in the capillary 
engorgement of plethora they are ruddy and high- 
coloured, as they also are in many pijcsons who lead an 
open-air life, exposed to all weathers^ in heart disease 
they are also high-coloured when back pressure has 
begun to tell on the systemic circulation, t>ut the colour 
is of a bluish and cyanotic tint which Jaftnot be mis- 
taken for the rubicund cheeks of plethora. In uni- 
lateral chest inflammations, and particularly in pneu- 
monia, the cheek corresponding to the affected lung 
may be flushed, but if the patient Bas been lying for 
some time on one side there is often a difference 
between the two cheeks, resulting from the pressure 
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of tlie lower one upon the pillow, quite apart from the 
presence of disease. 

The form of the cranium may also indicate some 
points of importance, to which reference is made in 
Chap. XI. 

In addition to the appearance of individual fea- 
tures, the general expression of the patient 
must he noted. Is it animated, apathetic, or has it 
the absolute vacancy of unconsciousness ? Are there 
wrinkles on the face, or is it smooth ; or is one side 
smooth and the other wrinkled, as one sees it in uni- 
lateral paralysis of the seventh nerve ? Is the mouth 
drawn over to one side, and is there any other lack of 
symmetry between the two halves ? The expression 
may be characteristic of pain, or there may be a 
placidity resting on the features which gainsays the 
assertion of a patient that his agony is most severe. 
A look of anxiety on a patient’s face often presages 
serious illness at a time prior to the appearance of any 
other signs or symptoms which would suggest the 
gravity of the situation! Twitching of the face some- 
times results from a nervous habit, at other times it 
is a symptom of definite disease, of which chorea 
affords a good example. 

When pain is present, the various features are 
differently affected, according to its situation. Pain 
in the Head, whether simple headache or of organic 
origin, causey the sufferer to frown ; painful diseases 
of the cheshattd abdomen tend rather to affect the 
expression of the lower part oPthe face. These signs 
are of peculiar importance in the case of children who 
cannot describe their sufferings. Attempts have been 
made to associate certain lines which appear on the 
faces of sick children with diseases in special groups of 
organs.* With the exception of a furrow which runs 
downwards from the ala nasi to curve round the angle 
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of the month, and which is not infrequently present 
in cases of gastro-intestinal disorder, they are of little 
or no value for diagnosis. 

The physiognomy of insanity is often highly char- 
acteristic, but descriptions of it must be obtained from 
special textbooks. In serious illness the nose often 
looks pinched, the eyes look sunken and lustreless, 
and the chin and malar bones sharp and prominent, 
owing to the loss of tone which the soft tissues have 
undergone. 

Several types of expression have received special - 
names. Of these the most important are the faKes 
Hippocratica and the typhoid facies. 

In the facies Hippocratica the skin is livid or 
pale, and opaque, the eyes are dull and sunken but 
remain open, the nose is sharpened, the temples 
are hollow, the chin is sharp, the mouth is open 
through dropping of the lower jaw, the ears are cold 
and shrunken, and the cheeks drawn in. When this 
facies’ is associated with abdominal disease there is a 
red or livid ring around the 6yes. The Hippocratic 
facies is a presage of impending dissolution. The 
typhoid facies is characterized by dull, lustreless eyes, 
tremor of the lips (with muttering delirium), and a 
blank, expressionless countenance. Associated with 
this are found a brown, dry tongue* a rapid pulse, a 
tendency to sink low in the bed, twitching of the 
tendons (subsultus tendinum), and a constant, purpose- 
less picking of the bed-clothes. # ^ 

The state of the skin where it is exposed must 
be carefully investigated. In the face we notice 
especially the complexion. This is dependent on two 
factors — the colour and the transparency of the skin. 
The most important abnormalities are pallor, yellow- 
ness, bronzing, an earthy tint, and a dusky bluish-red 
hue. Pallor occurs in various ansemic states, and also 
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when the heart's action is greatly enfeebled, as in 
fainting or severe nausea. Yellowness may be due 
to pernicious anaemia, when the tint is pale lemon- 
yellow, which contrasts with the whiteness of the 
sclerotics ; or to jaundice, when the skin may be only 
faintly discoloured, or may be of a dark yellow colour, 
with excoriations from the scratching that results 
from the intense itchiness which the bile acids evoke. 
In jaundice the conjunctivse and mucous membranes 
share in the coloration. Bronzing is found in Addi- 
son’s disease, and affects both the skin and the inside 
of^he mouth. An earthy tint is common in states 
of serious ill-health. It sometimes indicates a malarial 
history ; in other instances it is the result of syphilis 
or of cancer ; and in yet others it can be traced to an 
anaemic condition maintained by continual small losses 
of blood, such as bleeding piles may involve. This 
tint is partly due to the altered state of the blood, 
'partly to abnormal opacity of the skin. The dusky 
tint of embarrassed breathing and of advanced heart 
disease does not demand further notice here. 

It is also important to search for cutaneous 
eruptions, some of which — measles and syphilitic 
rashes, for example — frequently appear first about the 
roots of the hair, whilst others have equally distinctive 
* /.situations. Ulcers and scars should also be looked for. 
jgpthe colour and nutrition of the hair, and the dryness 
■or moisture of the skin, must be noted ; and if per- 
spiration is Resent, its amount and situations The per- 
spiring brow o*f a rachitic child' is very characteristic. 

Reference has already been made to the pannf- 
cultis adiposus; but, in addition to the presence 
or absence of fat, m.orbid conditions may lead to 
abnormal states of the cellular tissues. The chief of 
these is the presence of fluid or of air, the former 
being by far the commoner. 
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When fluid is present, the condition is that known 
as dropsy, and there are two varieties of this, which 
are sometimes described as “ hydrsemic ” and “ pas- 
sive,” In hydrsemic dropsy, typical examples of which 
occur in sufferers from Bright’s disease, the transuda- 
tion does not first show itself in the most dependent 
parts of the body, but in other sites where laxity of 
the tissues favours its accumulation. Thus in chronic 
nephritis an early symptom is the oedema of the face, 
especially below the eyes, which comes and goes, being 
most noticeable when the patient first rises in the 
morning. In passive dropsy, however, which is topi- 
cally present in those cases where pulmonary or cardiac 
disease produces a backward pressure in the veins, 
the swelling first appears at the ankles and over the 
dorsum of the foot, and only gradually mounts to the 
legs, thighs, and trunk. When the venous obstruction 
is local, the dropsy is confined to the parts from which 
the return of blood is impeded. In this way one finds 
ascites resulting from cirrhosis of the liver, or oedema 
of an arm when the axillary glands are cancerous 
and constrict the axillary vein. (Edema of the whole 
upper part of the body may result from intrathoracic 
tumours ; the writer has seen it follow compression of 
the superior vena cava by an aneurysm. Dropsy may 
be recognized by the pallid and glossy appearance of 
the sldn over the swollen part, by its#doughy feel, and 
by the fact that it pits on pressure. 

Localized oedema may be due to $e^vous causes, 
and is found in certain of the angioneurotic group of 
diseases. 

Subcutaneous emphysema is not common, 
but when present it can be readily recognized by the 
crackling sensation which is detected on pinching 
the part affected. • 

The hands of the patient merit careful observa- 
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tion. Notice tlie strength of Ms grip as he shakes 
hands ; tMs often indicates improvement or the re- 
verse with considerable accuracy. Their general shape 
should th^n be noted. Are they stunted, as in con- 
genital cretinism, or “ spade-like, 1 ” as in myxoedema % 
Are the joints large, as occurs in rickets and in persons 
of strumous diathesis % Are they deformed as well, 
as occurs in rheumatoid arthritis, or swollen and pain- 
ful, as in acute rheumatism % Sometimes what looks 
like enlargement of the joints is really due to wasting 
of the surrounding tissues. When the patient is 
gouty, the finger- joints are often implicated, and 
nocfules, known as HeberdeiTs knobs, are formed. 
These must not be confused with Haygarth’s nodosi- 
ties, wMch are fibrous thickenings found in cases of 
rheumatism.* Gout sometimes shows itself by pro- 
ducing a contraction of the palmar fascia that prevents 
extension of the fingers. In nerve disease the skin of 
the hand may undergo trophic changes, becoming thin 
and glossy ; or the vessels may be influenced by vaso- 
motor disorders, and lead to redness or to a pallid and 
dead-looking state of tlfe fingers. Nerve diseases also 
produce very characteristic movements or attitudes 
of the hand, as may be seen in athetosis, tetany, and 
lead palsy. Tremor of the hands is a frequent in- 
dication of disease. Among the conditions which pro- 
duce it may be instanced paralysis agitans, multiple 
sclerosis, certain*traumatic neuroses, Graves’s disease, 
uraemia, insopania, mercurial poisoning, alcoholism, 
abuse of to&acco, and senile degenerative changes. 
The methods of studying this Symptom are detailed 

* Considerable difference of opinion exists as to what Heberden 
really described, but the terms are now generally used in the sense 
given in the text. Those who desire to consult the originals are 
referred to Heberden, “ Commentaries on the History and Cure , of 
Diseases,’/ 2nd edit., p. 148 (London, 1803); and Haygarth, “A 
^Clinical History of Diseases,” Part'ii. (Bath, 1805). 

D 
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at p. 490. In ulnar paralysis the hand becomes 
deformed by over-extension of the first phalanges, 
combined with excessive flexion of the rest, so that a 
claw-like attitude is produced. This is kpown as the 
“main en griffe.” When the muscles of the thenar 
and hypothenar eminences have undergone atrophy 
the hand becomes flattened, and thus somewhat 
resembles that of an ape. In acromegaly and in pul- 
monary osteoarthropathy there are very characteristic 
enlargements of the hands, which present a singularly 
massive appearance. The fingers become clubbed 
under conditions which produce chronic congestion of 
the peripheral veins, chief among such conditions fieing 
respiratory, or cardiac embarrassment. Where the 
congestion is marked the finger-tips are blue and cold, 
and the nails are much curved longitudinally. The 
nails exhibit longitudinal grooves in gouty persons, in 
whom also they are often singularly hard and brittle ; 
whilst a transverse furrow is the record of some former 
interference with the nail’s nutrition, and, in the 
absence of a local cause, points to some severe consti- 
tutional illness. Many persons, especially those of the 
so-called lymphatic temperament, have moist and 
clammy hands. These in women frequently indicate 
excessive leucorrhoeal loss, and so aid in directing in- 
quiry towards this subject. Even if the hand be not 
moist when the patient is seen,* the fact that the 
colour has been sweated out of thefpalm of the glove 
may show that the tendency exists. *In infants the 
movements or position of the hands* a*d fingers will 
often direct an acute observer to the seat of disease. 

The neck should always be inspected, and special 
note taken of any of the conditions described in the 
paragraphs that follow. 

. 1* The state of the lymphatic glands. In syphi- 
lis the glands under the upper part of the trapezius 
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are very frequently enlarged. In septic ear diseases 
the glahds below the ear can often be readily felt. 
Where there are carious teeth, and where there is 
malignant^ disease in the mouth, enlarged glands can 
usually be detected near the angles of the jaw. In 
scrofulous persons enlarged tubercular glands occur in 
groups or in long chains beside the sterno-mastoid, and 
scars will mark the points where they have suppurated. 
In lymphadenoma the glands are enlarged and firmly 
matted together. If enlarged glands are found either 
in the neck or elsewhere, it is important to observe 
whether they remain firm and distinct, or become fused 
together, or whether fluctuation can be detected. 

2. The thyroid [B.N.A. thyreoid] gland. The 
existence of any swelling of this gland is important, 
and its effect on the patient’s respiration should be 
studied. Sometimes such enlargements exercise 
considerable pressure on the trachea ; at other 
times, particularly if the disease be malignant, the 
recurrent laryngeal nerves may become implicated. 
In cases where there a is difficulty in determining 
whether a tumour is connected with the thyroid 
much assistance may be obtained from the fact 
that the gland and any tumour which is connected 
with it move up and down with the larynx during 
deglutition. 0 

3. Unusual prominence of any muscle or group 
of muscles in the neck should be described. Such 
prominence may be bilateral, as of both sterno- 
mastoids in ^ffiphysema, or unilateral, as in tonic 
wry-neck. A congenital sterno-mastoid tumour may 
be present, and, if unrecognized, may lead to much 
perplexity; whilst various cysts, cold abscesses, or 
developmental abnormalities may be encountered. 
Their recognition, however, is rather a question for 
surgical diagnosis. 
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4. Movements of the larynx are sometimes con- 
spicuous, and may call for explanation, ) 

5. Rigidity of the neck may be due to in- 
flammation, to rheumatism, to disease of#the spinal 
column, or to various nervous diseases, whilst spas- 
modic movements occur in clonic torticollis. 

6. Any bulging of the apices of the lungs 
during a fit of coughing, or pulsations seen in the 
vessels, must be recorded, nor must the existence of 
aneurysm be overlooked. 

7. Boils and carbuncles are very frequently situ- 
ated on the back of the neck. As they are not infre- 
quently present in cases of diabetes, they should 
direct the observer’s inquiries to the urinary system, 
and sugar should be tested for. 

8. Finally, with respect to the general shape of 

the neck, it should be noted whether it is short 
and thick, or long and smooth, or “ scraggy/’ or pro- 
jecting forwards with a prominent larynx, The 
last form is common in persons with phthinoid 
chests. « 

The character of a patient’s respiration is often 
of great service in reaching a diagnosis and a progno- 
sis. Under the name of extra-auscultation Professor 
Wyllie has grouped together the various phenomena 
connected with respiration whicl\ are to be heard, 
apart from those revealed by the stethoscope, when 
standing at the bedside of the patient.* In the 
following scheme his classification is adopted : 

• * ^ 

Classification of the Phenomena of Extra- Auscultation 

L Obstructive noises in the respiratory passages . 

( a . Thickened mucosa, or accumulated so- 
X. In the nose - cretioru 

Paralysis of al» nasi. 

* Edinburgh Hospital JReports, vol. i, , p. 4S. 
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2. In the back 
of the throat 

r* 

3. In the larynx 

4. In the trachea. 

5. In the bronchi. 


15 . 


Nasal stertor. The soft palate strikes 
the back of the pharynx. 

Oral stertor. The soft palate strikes the 
tongue, which has fallen back. 
Swelling of cords ) Laryngeal stridor 
Paralysis or spasm V (almost invari- 
of glottis. I ably inspiratory). 

Tracheal stridor \ /rx j 
(leopard growl). (< «& ^ 
Tracheal rattle f and 

(death-rattle), j es P™t 10 n). 
Musical sounds (wheezing). 

Crepitant sounds. 


II. *Cough. 

1. Duration. Single coughs, repeated coughs, paroxysms. 

2. Quality. Besonant or toneless, moist or dry, suppressed 

or free. 

HI. Hiccough* 

1 V . Voice. 

I. Volume. 2. Quality. 

When the respiratory passages are obstructed the 
normal quiet respiratory sound is replaced by more 
or less noisy breathing. When the obstruction occurs 
in the nose, either from mucus in the meatus, or from 
thickening of the mucosa which covers the turbinated 
bones, or from paralysis of the alse nasi, the breat hin g 
is sniffing or bubbling in character. When the soft 
palate is relaxed, #and especially when it is paralysed, 
it prevents the f^ee passage of air between the mouth 
and thorax, and produces a snoring or stertorous 
sound. When the rima glottidis is obstructed from 
any cause, such as spasm or paralysis of the vocal 
cords or cedema of the larynx, stridulous breathing 
results. If a polypus or other tumour lie between the 
cords, there may either be stridor or simply noisy 
breathing. The trachea may have its airway nar- 
rowed by pressure from the outside, as in cases of 
tumour and especially of aneurysm, when the breath- 
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mg becomes growling ; ox mucus may obstruct the 
lumen, producing a rattling sound. Tbe “death- 
rattle” which occurs when weakness- and insensitive- 
ness combine to prevent any effort at expectation, is 
a typical example of the condition. Obstruction in the 
bronchi gives rise to wheezing and crackling sounds. 
Sometimes the respiration is sighing ; Gairdner is 
inclined to think that this may indicate fatty degener- 
ation or slight dilatation of the heart. An important 
division of dyspnceic conditions may be made accord- 
ing as the difficulty in respiration is felt during the 
inspiratory or the expiratory period. Most case^of 
obstruction of the air-passages are characterized by 
inspiratory dyspnoea , whilst many of the pulmonary 
causes of dyspnoea produce expiratory trouble . As a 
common example of the latter one may cite the pro- 
longed expiration in a case of bronchitis with em- 
physema. The breathing may be characteristic of 
diseases quite distinct from those of the respiratory 
system. Examples of this are found in the stertorous 
breathing of apoplexy, the •hissing expiration of 
uremia, and the dyspnoea or “ air-hunger ” of com- 
mencing diabetic coma, which affects both inspiration 
and expiration. 

It should be noted that in every case dyspnoea is 
ultimately the result of over-stimulatioft of the respiratory 
centre, and that this is caused either bj* an excess of car- 
bonic acid in the blood or by the presence of abnormal 
acids in the circulation (acidosis). * 

r> ? 

If cough be present, its character must be most 
carefully noted.* The first thing to observe in this 

* The student -will observe that two elements must he dis- 
criminated in a cough. The first of these is- the explosive element , 
due to the sudden opening of the valve formed by the false cords 
and surrounding structures ; the second is the vocal element , due 
to the rush of released ah between the true cords (vide Wvllie. 
loo. tit). 
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connects is whether the cough consists of inde- 

6Xplrati0ns > or is P^oxysmal in 
character. The former occurs in early phthisis, in 
granular pharyngitis, and in some forms of nervous 
irntatmn ; the latter is often found in severe bron- 
an , d “ typical m pertussis. One should also 
“S? “duces pain or nausea, and 

T 16r 1 s < ?^ e i 1 s reson ant, or suppressed, or husky. 
In common colds the cough is at first short and dry, but 
as the quantity of secretion increases, the type becomes 
more paroxysmal, and the fit of coughing continues 
till *e mucus is expectorated. I n hronchlis the con- 
dition resembles that found in the last affection, but 
the paroxysms are more severe, and wheezing is ken 
present When due to early phthisis, the 8 C ough is 
and i arp ’ and is described as dry 

b T B»g dow„, u, rs ~cop ““ s 2 

the cough becomes moist and paroxysmal. In severe 
cases actual vomiting may be induced. A nervous 
cough generally has the character of single, short dry 
explosions, repeated at intervals, and f s milar typj 
is produced by irritation of the i Lype 

.why a, of ao wire :s 

teething, or tabs origin in"b" 

™ S lt L °S , b“ n ?, ,10 “ “ ““ may bfthl 

cause of most troublesome and uAr«i a f 0 nf J r- 
«nd a careful obseryer will not fufto lolk for SSSu 

jSnXdo™. °“ 8 * 

In plmnss, fmmmu (associated as it often is 
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with more or less pleurisy), and in 'pleurodynia , the 
cough consists of solitary dry, hacking, expulsive 
efforts, suppressed as much as possible to prevent un- 
necessary pain, but repeated frequently, El laryngitis 
and croup the cough may be simply noisy, but more 
often is either husky or stridulous. When the lumen 
of the trachea is encroached upon by a mediastinal 
tumour or an aneurysm there is generally a very 
resonant, brassy cough, aptly compared to the cry of 
a gander. When once heard, this is almost sufficient 
to clinch the diagnosis without further examina- 
tion. 

In hysteria the cough is often loud and barking, 
and gives the impression of being produced with the 
view of attracting attention. Such a cough is some- 
times associated with hysterical aphonia. Pertussis , 
when it is fully developed, is distinguished by a most 
characteristic cough. There is first a long-drawn, 
almost stridulous inspiration, then a series of short, 
sharp, expiratory coughs, which follow each other 
with extreme rapidity. The*face turns dark and the 
veins grow prominent, the child clings firmly to any 
support it can find, so as to give full play to the acces- 
sory muscles of respiration, and when at last the fit of 
coughing ends it is followed by a long-drawn whooping 
inspiration. The severity of the paroxysm induces 
vomiting, and sometimes causes evacuation of the 
bladder and bowel. 

Hiccough, which results from sp^modic con- 
traction of the diaphragm, is a common enough dis- 
order, It may be due to trivial causes, such as an 
attack of indigestion ; but it also occurs, and that 
most persistently, in many serious illnesses, when the 
symptom may become one of considerable gravity. 
Thus, if it be met with in a patient whose kidneys are 
affected, and especially if the occurrence in such a case 
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follow the passage of instruments to relieve stricture, 
tUereis ground for serious apprehension as to the issue. 

I he voice, as well as the cough, should be studied, 
the chief points to observe. are its strength, whether 
it is clear or husky, or whether aphonia exists. The 
voice may be nasal either through habit or in conse- 
quence of obstruction in the upper airways. A dis- 
tinction should be made between open and stopped 
nasal tones, the former resembling the sound produced 
when the mouth is kept shut during phonation, the 
latter that heard when one speaks whilst holding the 

. Te *MPerature — The hand laid upon the skin 
gives a eertam amount of information as to the tem- 
perature, especially if there be no perspiration : but a 
tar more accurate guide is found in the thermometer, 
whose -use should never be omitted.* In t aking the 
temperature the following practical points must be 
attended to : — 


h The thermometer must be accurate and of good 
W* x T ° ensur e accuracy, it should be compared 
with a standard instrument. In Britain this is done 
at Kew, and certificates are issued which state the 
error of each individual instrument. In process of 
tone, however, and particularly if the thermometer has 
been recently mads, molecular changes occur in the 
glass which tend to make the reading too high. Such 
changes are slight, and seldom attain a value of any 
chrncal importance, though if great accuracy is neces- 
sary a fresh comparison should be made every two or 

mlit w?v ^1°’ ? tlie of the thermometer be 
made too thin, the glass will yield to pressure, and the 

patient may either purposely or accidentally compress 
f v JvQt because the hand takes account of moisture -wpIT qo 
&emometOTfeFls r ?^p^ t ^ e a ^ °th 

early pneumonia is most aharaotenstio. P g *7 teat of 
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it so much as to make the mercury reach to four or 
six degrees above the actual temperature. 

*2. The thermometer must be kept in position long 
enough to allow the mercury to reach* the body 
temperature. Generally it is well to exceed the 
period which the instrument "professes to require. 
In the case of the ordinary “half-minute” ther- 
mometer, it should be left in position for from 
two to three minutes if an accurate reading is 
desired. 

3. In adults the temperature is taken in the mouth 

or in the axilla ; in young children the thermonfeter 
should be placed in the fold of the groin, and the thigh 
flexed on the abdomen, or it may be inserted into the 
rectum. The temperature of the mouth and rectum 
is generally at least half a degree higher than that of 
the groin or axilla, but in old people the mouth tem- 
perature is often too low, and less trustworthy than 
that of the axilla. When it is taken in the latter 
situation, care must be exercised to keep the part as 
free as possible from perspiration, both during the 
observation and for a few minutes before it. More- 
over, the arm should be drawn to the side for a short 
time before the thermometer is inserted, that the skin 
may not have been chilled by exposure to the air. 
When the temperature is taken the mouth, the 
patient must breathe through ttye nose and keep 
the lips firmly closed during the whole time of the 
observation. * 

4. Before inserting the thermometer, make an in- 

variable rule of washing it in lotion or in cold water, 
and see that the mercury is well shaken down ; wash 
it again before replacing it in its case. In Great 
Britain ( the Fahrenheit scale is used, on the Continent 
the Centigrade.* * 

* For a comparison of the two scales, see Appendix 4, p. 630. 
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The temperature should he taken at -fixed times , 
twice daily when possible, and at shorter intervals 
when fever fluctuates or runs high. . Times that are 
convenient, and that fairly represent the daily condi- 
tions, are 9 a.m. and 7 p.m. In health the temperature 
has a daily range of from one to two degrees Fahren- 
heit, being lowest in the small hours of the morning, 
and gradually rising to attain its principal maxi- 
mum somewhere about 5 or 6 p.m. Age exercises 
a rather marked influence on the temperature. In 
children it varies greatly with their time of life, and 
trivial causes produce great fluctuations. On the 
average, it is about half a degree higher than in 
adults. In the very old it is also slightly higher 
than in middle life, unless the circulation is weak, 
when* the temperature may be considerably lower. 

In diseased conditions marked deviations from 
the normal temperature are often present. Tem- 
peratures may be classified as follows : — 

Normal * . . $8°-99° F. or 36-6°-37*2° 0. 

Subnormal . Below 98° F. or below 36*6° C. 

Collapse . . „ 96° F. „ 35*5° C. 

Febrile . . Above 99° F. or above 37*2° C. 

Hyperpyrexia . „ 107° F. „ 41*6° C. 

By consecutive observations, taken at suitable 
intervals, it is easy fo determine whether an abnormal 
temperature is constantly present, or only occurs at 
intervals. Whan the temperature rises quickly, the 
patient feels cfeiHy in consequence of the incomplete 
response of the vaso-motor mechanism to the new con- 
ditions, and in marked cases rigors occur. If, how- 
ever, the temperature remains continuously high, the 

* The figures given are merely approximate. Wunderlich 
allows a rather wider range for normal temperatures than those 
stated above, and, taking the mean normal temperature at 37° C., 
Would allow a range of from 36'25° to 37’5° C. 
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rigjor gives place to a feeling of heat, coupled 'with 
thirst, headache, and a rapid pulse. This is known as 
pyrexia, or fever* 

If after fever the temperature falls rapidly, or if 
during the fever the extremities are chilled, the 
patient suffers from collapse, when the pulse is 
small, the features are pinched, the skin is moist 
with a clammy sweat, and the patient suffers from 
a sinking sensation and from nausea. 



There are three principal types ot fever— the 
continued, the remittent, and theintermittent. When 

e L e H^T°M C ^ at6 m ° re tia »^out a degree™ 
a half (Fahrenheit) during the twenty-hour horns, and 
at no time touches the normal, it is j%cribed as con- 

daUy Actuations exceed two 
degrees, it is known as remittent (Fig. 1) ; and when 
fever is only present for several hours during the dav 
it is called intermittent. In remittent fever the even 
mg temperature is usually higher than the morning 
one but m some cases, not infrequently in phtSf 
this type is mvened, and the “remission” occrnS 
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the evening, whilst there is a morning “ exacerbation.” 
Wnen a paroxysm of intermittent fever occurs daily, 
the type is said to be “ quotidian ” ; when on alter- 
na e days, tertian ” ; when two days intervene 
between consecutive attacks, “quartan ” (Fig. 2). A 
“double tertian ” is the name given to a daily fever 
wnen the paroxysms occurring on the first; third, 
fifth, and following odd days differ from those 



of the second, fofirth, sixth, and following even 
charac? ^ 01lr a PP earance j in severity, or in 


^ of a fever is divided into three 

UU ? al ° r , PTrogenecic, “stadium incre- 
menti^ ; the stage of full development, or “ fasti- 
gwm ; and the stage of termination, or “ stadium 
decrementt. When the fever ends rapidly it is said 

iVsiWWfr ±\ C xr S l S ( ^ g ' 3); wten dually, by 
ytsis (Fig. 4). Not seldom crisis is preceded by a 
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short but marked rise of temperature, accompanied in 
many eases by delirium ; it is sometimes followed by 

collapse. 

In .the study of 
any case of fever 
the points which 
require to be ob- 
served are whether 
the type is one of 
apathy and indiffer- 
ence, or of restless- 
ness and twitch- 
ing ; whether, and 
if so how far, the 
sensorium has been 



Fig. 3. — Crisis. Case of lobar pueuraonia. 

(After Wunderlich,) 


involved ; what the 
height of the tem- 


perature is, and what its 
course has been ; what 
are the rate and character 
of the pulse ; whether 
the skin is moist or dry, 
or exhibits any eruption ; 
and which of the viscera 
or secretions are charac- 
teristically affected. The 
explanation of these points 
may be found in works 
on medicine, but their 
true significance can 
only be learned at the 
bedside. . 



Fig. 4. Lysis. Case" of broncho- 
pneumonia. (After Wunderlich.) 


CHAPTER III 


THE ALIMENTARY SYSTEM AND 
ABDOMEN 

I. THE MOUTH, THROAT, AND (ESOPHAGUS 
The Mouth and Throat 

The mouth. — Por tiie examination of the mouth 
the patient should be placed facing a good light. If 
artificial light be used it should be thrown into the 
mouth by means of a reflector. A piece of candle 
wrapped in blotting-paper and held in front of a bright 
spoon forms a good extemporized light and reflector. 

The lips. — Note the colour of the lips. They 
are blue in cyanosis, pale in anaemia. Note the pre- 
sence of any crusts, fissures, or ulcers. The lips should 
be everted in order to permit of an examination of 
their inner surfaces. Herpes of the lips is often seen 
in inflammatory conditions of the air-passages and 
lungs, especially in croupous pneumonia. 

The teelh. — The temporary teeth are cut in 
the following order : — 

First . — The two ^pwer central incisors, sixth to eighth 
month. 

Second . — The four upper incisors, eighth to tenth month. 

Thirds The lpwer lateral incisors and all the front molars, 
twelfth tg ^purteenth month. 

Fourth . — The canines, (upper first),* eighteenth to twentieth 
month. 

Fifth . — Posterior molars, at two to two and a half years. 

The permanent' teeth appear as follows : — 

First molar at six years. 

Centra^ incisors at seven years. 

Lateral incisors at eight years. 
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f Bicuspid 1 (anterior) at nine years. 

, Bicuspid (posterior) at ten years. 

Canines at eleven to twelve years 
Second molars at twelve to thirteen years. 

Third molars at seventeen to twenty-five years. 

permanenf^si^ 11 ^ s ^ ows relations of tlie 

permanent and the temporary teeth 
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_ Thepresenee of any irregularity or defect 
disease in the teeth should be noted. It should hebPl 
served whether there is any exposure of their roots' ’ 
or whether they are surrounded with tartar. Grinding 
of the teeth leads to bevelling of their edges • thifi? 

“E? 7 '“? d «”»' Tie o? 

Hutchinson s teeth is important as afiordin* evi- 
dence of congenital syphilis. In this condition the 

w!, + ? tra h UPP ^ 'P enmneflt incisors are at a higher 
level than the adjoining teeth ; they are round J. in 
section and slope inwards below, they are broader 
nearer the gum than at the crown, so as to be peg" 

rV^ 7 pre ^ nt / semilunar notch at thefr 
ends. They are usually discoloifted as well In the 
same condition the molars tend to be dome-shaped 

t i T j gnms — Tiieir coIour should first be noted 
In lead poisoning a blue line can #ffcm be observed 
running along the gum near the insertion of the 

tftea^T 01 ^ 7 ’ peAa ? S> on the Snm between 
the teeth.* In copper poisoning a greenish line 

mere staining of the°gum < \f 0 the n feet that H <ii3tin S uis lmd from 
the aid of a lens, it is Ln to ba a ‘‘ stiprfed ” With - 

large number of minute blue spots, whereas stainfc| SoonZous? 
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can sometimes be seen in a similar position. Tbe 
gums may be swollen and spongy in scurvy. They 
are sometimes retracted or show ulcerations or 
haemorrhages. Ulcers and haemorrhages may also 
be observed in the buccal mucous membrane in 
various conditions. In pyorrhoea the gums are 
retracted, frequently bleed easily, and pus may be 



Fig. 5.— a, Scraping from a patch of thrush ; X 800. ‘b, Culture of Sac- 
charomyces albicans (Monilia Candida)— t he fungus of thrush ; X $00. 

observed exuding from between the gum and the 
teeth. • 

The tongue. — -Ask the patient to protrude it. 
Note if it is put out in a straight line. Observe its 
size and shap^ whether broad 02 ; pointed. Look for 
tremulousness of the whole tongue and for fibrillary 
twitching of it. Note in the dorsum (1) its colour : is 
it pale, red. or discoloured 1 (2) Is it dry or moist ? 
(3) The presence or absence of fur ; the colour and dis- 
tribution of the latter should be noted. (4) The char- 
acter of tie papillae. (5) The under surface of the 
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tongue — a small ulcer on the fraenum is sometimes seen 
in persistent coughing, and particularly in whooping- 
cough* Lastly (6), observe the edges of the tongue. 
Look for ulcers, indentations of the teeth, etc., on 
them. 

The presence of thrush may sometimes be ob- 
served on the surface of the buccal mucous mem- 
brane, especially in children. It presents the appear- 
ance of small white points or patches raised somewhat 
above the surrounding surface, which is sometimes 
redder than normal. Patches of thrush are very apt to 
be mistaken for small milk curds. They may be dis- 
tinguished by the fact that milk curds can be easily 
detached, while thrush patches can only be removed 
with difficulty, and when removed are apt to leave be- 
hind a raw surface. To search for the fungus ( Saceharo - 
myces albicans) a small piece of the patch should be 
scraped off and examined in a drop of glycerine. A 
quantity of epithelial debris, along with bacteria and 
leucocytes, will be seen, and mixed up with these the 
filaments of the fungus. I^Jiese consist of long but 
unequal segments, each usually possessing a retractile 
nucleus at each end (Fig. 5). 

The palate, fauces, and pharynx* — Intro- 
duce a tongue depressor, and note first the general 
colour of the soft palate, fauces, ai$ pharynx ; observe 
any abnormal degree of pallor or redness. The yellow 
tinge of jaundice often lingers long on the soft palate, 
and in commencing measles a patchy redness can he 
made out very early in the same situation. Note 
the presence of any ulcers or mucous patches on 
the palate, fauces, or tonsils. Look carefully at the 
tonsils, noting any enlargement of them. • Yellowish 
o.r greyish points or patches may sometimes be seen 
on their surface. Try whether these can be wiped off, 
leaving a sound surface, as is the case with accumu- 
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lated follicular secretion, or whether removal leaves 
behind a raw surface, as happens with the false 
membrane of diphtheria. Note always whether or 
not the soft palate and uvula show any similar spots 
or patches. Next look at the pharynx. The pre- 
sence upon its surface of a number of flat adenoid 
swellings, somewhat resembling sago grains, is so 
common as to be almost a normal appearance. In 
granular pharyngitis these are much increased. A 
few dilated venules can also be frequently observed. 
Note the presence of any pus or excess of mucus on 
the surface, and the existence of any ulceration. In 
retropharyngeal abscess the posterior wall of the 
pharynx is bulged inwards. Sometimes this can be 
more easily made out by palpation. 

The breath. — The character of the breath may 
be noted at this stage. If it be offensive, ask the 
patient to breathe out first through the nose only, and 
■ then through the mouth, and observe whether the 
odour is present on both occasions or not. This affords 
an indication as to whether the source of the odour is 
in the nose or mouth only, or whether it is lower down 
* than either. If the odour proceeds from the nose, 
make a rhinoscopic examination (p. 552 ), looking 
especially for the presence of a foreign body or for 
evidence of atrophia* rhinitis or other local disease. 
Bad teeth, ulcerations of the gums or mucous mein- 
brane, and enlarged tonsils, accompanied by reten- 
tion and decomposition of secretion in their follicles, 
are the commonest sources of offensiveness in the 
mouth. 

In gangrene of the lung the breath has a putrid 
smelly In bronchiectasis, also, it has a peculiarly 
' offensive odour only to be recognized by experience. 
Fetor due to pulmonary conditions is best brought 
out by asking the patient to cough. 
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Slighter degrees of offensiveness may be due to 
gastric disorder or to prolonged constipation. 

In uraemia the breath has a urinous or ammoniacal 
odour. In diabetes it is sweetish, like new-mown hay. 
In cases where diabetic coma is impending, the odour 
becomes ethereal. Various’ drugs — e.g. turpentine, 
creosote, paraldehyde, etc. — impart their characteristic 
odours to the breath, while in the case of patients who 
are taking bismuth a garlicky odour can sometimes 
be observed. Iodides produce a peculiar fetor. 

The (Esophagus 

Special anatomy. — The oesophagus is from 
9 in. to 10 in. long. It begins opposite the cricoid 
cartilage, and ends opposite the 9th dorsal spine. 
It is crossed by the left bronchus between the 4th 
and 5th dorsal vertebrae. 

Exploration of the oesophagus. — This is 
done in cases, in which there are signs of stricture. It 
is best carried out by means of a stomach- tube.* The 
latter should never be passe^, however, unless one has 
first excluded the possibility of the existence of an 
aneurysm. It should also be avoided in cases where 
there has been any recent hsemat emesis. 

It is best to use a long, red rubber stomach-tube, . 
No. 20 or 21 in the English sca^Je. It should be at 
least a yard long — not too thin m the wall, rounded 
at the end, and with at least one large and bevelled 
eye. Before being used it should be thoroughly cleaned, 
and then dipped inJiot water ; oil is tftmecessary. 

If the pharynx be very irritable, it may be 
anaesthetized with cocaine, either by painting or by 

* Examination by means of the X-rays is much to be preferred 
to exploration by the tube or bougie. It is safer, less unpleasant 
for the patient, and.gives more information. A description of the^ 
method of performing such an examination, however, does not- 
fall within the scope of such a book as this, and it can only be 
earned out by an expert 
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giving tKe patient a pledget of wool to suck, soaked in 
a 5 per cent, solution, and directing him to keep the 
saliva at the back of the mouth. After the lapse of 
five minutes, one can proceed to pass the tube. 

The patient should be sitting up, with the head 
slightly bent forwards. His mouth is open, but the 
tongue not protruded. The physician grasps the tube 
in his right hand, and passes it back in the middle 
line to the posterior wall of the pharynx. It is not 
usually necessary to introduce a finger' into the mouth 
in order to guide the tube, as there is no real danger 
of entering the larynx. The patient is then told to 
swallow, and the tube is “ paid out ” until it reaches 
the stomach, or until it is permanently arrested. 
Whilst this is going on the patient should be told to 
breathe freely through his nose. 

During this manipulation one has to look out for 
the following : — 

1. Pain , on passing the tube ; its site should be 
noted. 

2. The presence of an obstruction . If the tube be 
arrested, one must not conclude all at once that a 
stricture exists. Frequently the tube is seized by 
a muscular spasm of the oesophagus. On waiting for a 
moment, however, this always passes off. If a per- 
manent obstructioi^be discovered, one has to attempt 
to localize it. The commonest sites for a stricture 
are — (a) At the entrance ; this is 6 in. from the upper 
incisor teeth, (b) Where the oesophagus is crossed 
by the left bfbtfchus ; this is 8 in. to 9 in. from the 
teeth, (c) At the cardiac orifice ; this is about 16 in. 
from the teeth. It is interesting to note that these 
axe also the positions in which some normal narrow- 
ing of the oesophagus exists. ‘ 

3. One has to look for diverticula . The existence 
of such should be suspected when the tube passes 
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very regularly at one time, but is obstructed at 
another. 

The presence of any blood on the tube after its 
withdrawal is an indication of the presence of ulcera- 
tion. Sometimes, also, fragments of new growth can 
be detected in the eye of the tube. 

Auscultation of the oesophagus. — This is 
done in order to note the presence or absence of the 
sound produced by swallowing. In order to auscultate 
the oesophagus in the neck, the stethoscope should be 
placed at the left side of the trachea. In the upper 
part of the thoracic course of the oesophagus (as far as 
the 6th dorsal vertebra) it should be placed just to 
the left of the dorsal spines, and below this just to 
their right. The patient is directed to take a mouthful 
of water, and to retain it until told to swallow. When 
he swallows, one hears a noise similar to that heard in 
one’s own ear on swallowing saliva. The higher up 
one listens, the louder is this sound. If an obstruc- 
tion be present, the sound is either not heard at all 
below that point, or it is greatly delayed. 

II. THE ABDOMEN 

Anatomy* — The natural lines on the surface of 
the abdomen are (1) the linea alba ; (2) the linese 
semilunares ; (3) the linegs transversae. 

The linea alba is often selected as the site of- 
puncture in tapping the abdomen. The structures 
lying behind it, from above downwards, are (a) the left 
lobe of the liver, extending to abouf three fingers’ 
breadth below the ensiform ; (b) part of the stomach, 
unless when empty ; (c) the transverse colon, reaching 
as low as the umbilicus ; (d) coils of intestine covered 
by omentum ; ( e ) the bladder when distended, and 
the uterus when pregnant. 

The linea semilunaris runs from the lowest part 
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of the 7th rib to the spine of the pubes. It is about 
3 in. from the umbilicus, but lies farther out when the 
abdomen is distended. The gall-bladder lies just to 
the outer side of the linea semilunaris of the right side. 

Of the linear transversae, one is opposite the 
umbilicus, another at the ensiform, and a third mid- 
way between these points. 

In addition to these markings, the abdomen has 
been artificially divided into regions by means of 
vertical and horizontal lines.* The vertical lines are 
drawn upwards from the mid-point of Poupart’s [the 
inguinal] ligament on each side.f The transverse 
lines are (1) the subcostal or infracostal, drawn across 
horizontally at the level of the lowest points of the 
10th costal * arches, and (2) the intertubercular or 
bi-iliac, between the tubercles marking the most 
prominent points of each iliac crest. Nine regions 
are thus marked off in three vertical rows: Those 
in the middle row are, from above downwards, the 
epigastric, umbilical, and hypogastric, and in each 
lateral row we have the fright or left) hypochondriac, 
lumbar, and iliac regions. The contents of these 
regions are exhibited in the table on the, next page. 

The umbilicus is 1J in. to 1 J in. above the level of 
the bi-iliac line, ar^l lies opposite the upper part of the 
4th lumbar vertebV. Its position is far too variable 
for it to be a trustworthy landmark. 

The aorta bifurcates about J in. below and slightly 

* In describing the regions of the abdomen we have followed 
Quain. We should like, however, to jfoint out that for clinical 
purposes the interspinons line , drawn between the two anterior 
superior iliac spines, has many advantages over the inter - 
tubercular. 

f A line (the lateral inguinal line) drawn from a point midway 
between the anterior superior spine and the symphysis pubis is 
sometimes used instead of the old mid-Poupart line. Its upper 
extremity reaches the clavicle midway between the suprasternal 
fossa and the outer border of the acromion. 
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to the left of the umbilicus, the iliac arteries r unni ng 
in a line drawn from that point to a point mid- 
way between the anterior superior spine and the 
symphysis pubis. 

The cceliac axis arises at a point 4J in. to 5 in 
above the umbilicus, and the renal arteries about an 
inch lower than the cceJiac axis. 

The transpyloric plane is often used as a guide 
m the examination of the abdomen. It is defined 
as lying midway between the suprasternal notch and 
the upper border of the symphysis pubis. It usually 
lies about halfway between the xiphisternal junction 
or apex of the mfrasternal fossa and the umbilicus 
corresponds posteriorly with the lower border 
oi the 1st lumbar vertebra. 


General Examination op the Abdomen 

,. .-p 110 patient should be lying on his back in a good 
fpt. The abdomen is exposed, by turning down all 
the bedclothes except the inner sheet. The night- ' 

tbej * b f d fewn up, and, lastly, the sheet 
folded down a little above the level of the pubes. 
These details are of especial importance in the case of 
female patients. Before beginning the examination 
ot the abdomen, make sure that the bladder is empty 
If necessary, a catheter must be passed 

Inspection of abdomen.— Look first at the 
general contour of the abdomen. Is it of normal full- 
, f® 8 ®; j f swMlen or protuberant, or is it sunken or re- 
tracted ? If fhere be any bulging, note if it be general 

rl °° v' &enera] fullness, it has been epigrammatically 
remarked, may be due to “ fat, fluid, or flatus.” 
i one were to venture to improve upon this it 
woMd be to add “fetus” as l possi&ty T the 
case of women. It must further be remembered 
that a new growth may also be a cause of genera 
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abdominal tumidity. The mode of distinguish.! ng 
these conditions will be considered when we come to 
ascites. In general bulging it should be noted whether 
the distension is most marked in the antero-posterior 
or in the transverse diameter. 

If the bulging be merely local, observe in which 
zone it is situated. Is it above or below the level of 
the umbilicus, and in which of the abdominal regions 
is it most marked ? Lastly, note if there is any move* 
ment to be seen in the swelling, either along with or 
independently of respiration. 

Pulsation In the epigastric region is a phenome- 
non which may be noticed on abdominal inspection, 
apart from any bulging in that region. The causes 
of it are (1) distension of the right ventricle (see 
p. 123) ; (2) venous pulsation of the liver ; (3) aortic 
pulsation. The last is a condition which is very fre- 
quently observed in nervous subjects, especially 
women. The cause of it is obscure. It may be distin- 
guished from right-ventricle pulsation by being situ- 
ated somewhat to the left qf the middle line,, by the 
fact that it can usually be traced downwards towards 
the bifurcation of the aorta, and by its being not 
quite synchronous with the apex beat, but somewhat 
delayed. (4) Transmitted pulsation from a tumour 
overlying the aorta. (5) Aneurysmal. This is, per- 
haps, the least common cause of epigastric pulsation. 
The pulsation in this case is expansile, a fact which can 
best be elicited by placing the narrow ends of two 
single stethoscopes ©nc on each side oT the swelling, 
and observing if the other ends move apart at 
each impulse. 

The movements of the abdominal avails should 
be studied. Normally, they bulge during inspiration, 
and fall in again during expiration. In paralysis 
of the diaphragm the reverse holds true ; sometimes 
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the paralysis is unilateral, in which case one side of the 
abdomen will move naturally. Cessation of move- 
ment of the abdominal walls is a valuable sign of 
peritonitis. 

Sometimes peristaltic waves are visible through 
the abdominal wall. This is especially apt to be 
the case in chronic intestinal obstruction. The coils 
of intestine above the constricted part then stand 
out prominently. From this a definite “pattern” 
of abdominal tumidity results, depending on the 
site of the obstruction. If, for example, there be a 
constriction at the ileo-csecal valve, the distended 
coils of small intestine may often be observed standing 
out in the centre of the abdomen one above the other, 
so as to form a “ ladder pattern.” On the other hand, 
if the obstruction be low down, say in the sigmoid 
flexure, the pattern of tumidity is one in which the 
periphery of the abdomen is chiefly affected. A 
dilated stomach may also stand out as a prominent 
tumour in which peristaltic waves are visible. The 
direction of such waves t should always be noted. If 
absent, they can often be elicited by flicking the sur- 
face with a wet towel, or by merely sharply tapping it 
with the finger. Peristaltic waves in the stomach run 
from left to right; those in a distended transverse 
colon, from right tp left. This may sometimes be of 
diagnostic value. 

Attention should next be paid to the surface of 
the abdomen. In great distension the surface is 
smooth and*gfossy. Strice (white lines in the epi- 
dermis) should be looked for ; they indicate former 
distension. Note any distension of the surface veins, 
and endeavour to ascertain in what direction the 
blood in them is flowing. In obstruction of the infe- 
rior vena cava the inferior epigastric veins are full 
from the establishment of a collateral circulation. In 



60 


ALIMENTARY SYSTEM [chap. 

such cases also a large lateral vein can be seen running 
up about the midaxillary line, and thus establishing a 
communication with the tributaries of the superior 
vena cava. In portal obstruction a number of dis- 
tended veins may often be seen radiating from the 
umbilicus. To this appearance the term 44 caput 
Medusae ” has been applied. It is due to establish- 
ment of a connection between the portal and parietal 
veins by means of the round ligament. Pigmentation 
of the abdominal wall is sometimes important. Along 
the middle line it forms the linea nigra — one of the 
signs of pregnancy. Note the appearance of the 
umbilims . Is it depressed, level with the surface, or 
bulging \ Is there any excoriation around it ? Lastly, 
one should never omit to look at the usual sites for 
any evidence of hernia. 

Palpation of the abdomen. — The patient 
should be on his back, with the knees drawn up, and 
the shoulders a little raised. He should be told to 
keep the mouth open and to breathe quietly, or his 
attention may be diverted by conversation. The 
hand of the physician must l?e warm. Ordinary palp- 
ation should be performed with one hand only. 1 In 
order to gain the confidence of the patient’s abdominal 
muscles, the hands should be allowed to rest for a 
moment on the surface of the abdomen before palpa- 
tion is actually commenced. Each region should be 
palpated systematically. Poking with the finger-tips 
should be avoided, the best movement being a gentle 
one from the metaparpo -phalangeal* joints. During 
expiration the receding abdominal wall should be 
followed by the fingers, and a gentle rotatory motion 
of the finger-tips may .then be carried out. It often 
enables one to feel the deeper structures better than 
one can do by simple pressure. In examining the 
lateral regions of the abdomen, bimanual palpation is 
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often of service. The physician should sit or kneel by 
the bedside. One hand is placed posteriorly in the 
interspace between the last rib and the crest of the 
ilium. The other is placed over the abdominal wall 
in front. The posterior wall is then pushed up against 
the hand in front, so that any structure lying between 
the two hands can be distinctly felt. The secret of the 
method consists in keeping the front hand as still as 
possible. This procedure is of special value in the 
examination of the kidneys. 

The first thing to notice in palpation of the abdo- 
men is the degree of tension of the walls and of resist- 
ance experienced. Normally, the abdomen has an 
elastic or doughy feeling, only to be learnt by experi- 
ence. In disease the resistance may be increased. It 
should be observed whether this increase is general or 
local. General peritonitis produces a great increase in 
the resistance from a reflex contraction of the muscles 
of the abdominal wall. Local increase in resistance is 
very frequently due to localized peritonitis, and is often 
of great diagnostic valm. Palpation of the normal 
abdomen is painless. If tenderness be elicited its 
exact extent and point of maximum intensity should 
be noted. Anything in the nature of a tumour should 
be carefully felt for. In doing this, confusion is apt to 
be brought about by the recti. The thickening pro- 
duced by parts of these may easily simulate a tumour. 
If this source of fallacy be suspected, try if the fingers 
can be got under the edge of the muscle, and feel if 
it thickens a? the patient raises Jiimself in bed. 

If it be decided that a tumour is really present, one 
has first to determine whether it is situated inside the 
abdomen or in the abdominal wall. Try, therefore, to 
move the abdominal wall from side to side over the 
tumour. If the growth be intra-abdominal, this can 
usually be done without difficulty, unless it has con- 
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traeted adhesions to the parietal peritoneum. Try also 
to grasp the tumour and to make the fingers meet, as 
it were, under it. This can usually he accomplished 
in the case of tumours situated wholly in the abdo- 
minal wall. 

Supposing the tumour to be intra-abdominal, the 
first question to be settled is — Where is it growing 
from ? and, especially, is it coming up out of the pelvis, 
or is it truly abdominal ? To decide this the edge of 
the hand should be pushed back about an inch below 
the umbilicus, and -in the direction of the prominence 
of the sacrum. One can then feel whether the tumour 
is passing down into the pelvis or not. The size and 
shape of the tumour should nest be noted, and the 
nature of its surface — whether smooth or nodular. The 
presence or absence of fluctuation should then be 
investigated. 

The mobility of a tumour is a very important point 
to determine. The directions in which it can be 
moved should be noted, and whether it is influenced 
by respiration. The latter is jl point of special value. 
Tumours connected with the liver and spleen move 
freely with respiration, and so may those of the 
stomach. Tumours of the kidney may be slightly 
movable, dhose connected with the other abdominal 
organs do not move with respiration at all unless they 
have contracted adhesions. ' 

In palpating the abdomen, the existence of splash- 
ing or gurgling at any points should be looked for. 
Splashing is_ often found over a dilated stomach, but 
is only of diagnostic value if it can be elicited some 
hours after the swallowing of food. Gurgling is pro- 
duced by the passage of gas and fluid through con- 
stricted parts of the alimentary tract. It may thus 
be felt at the pylorus, especially if stenosed, or over 
strictures of the intestines. 
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Finally, the umbilicus should be examined. In 
malignant disease of the liver the umbilicus often be- 
comes early infiltrated, and this sign has proved of 
great diagnostic value. The infiltration can often be 
recognized by its producing a 44 mooring ” of the 
umbilicus — ‘just as a scirrhus of the mamma does of 
the nipple. 

In obscure cases of abdominal disease, palpation in 
the knee-elbow position, and under an anaesthetic, 
should never be omitted.* 

Percussion of the abdomen. — This should 
be carried out in the same manner as will be described 
for the chest, but particular care should be taken 
to percuss lightly ; students usually tend to use too 
heavy a stroke. In abdominal percussion the 44 flick- 
ing 55 method is extremely serviceable in detecting 
slight degrees of dullness — e.g. in making out the lower 
edge of the liver. The forefinger of the left hand is 
placed firmly on the abdomen, the palmar aspect 
uppermost, and is sharply 44 flicked ” with the middle 
finger of the right hand. Percussion of the normal 
abdomen yields a resonant note throughout, except 
in the regions of liver and splenic dullness, or over 
a full bladder. The percussion pitch of the hollow 
viscera depends on two chief factors — (a) the depth of 
the air space ; (b) t^e tension of the containing wall. 

As these two factors are of almost equal import- 
ance, and as each of them varies greatly in the same 
viscus at different times, the reader will readily under- 
stand that it 4s *a mistake to dogmatize about the 

* Examination of the patient iu a hot hath has been recom- 
mended as of even greater value than the use of an anaesthetic in 
obscure abdominal cases, besides being safer. The patient gets 
into the bath at 100° F., and the temperature is rapidly raised bv 
the addition of very hot water until 1 10° F. is reached. Complete 
" relaxation of the abdominal wall is usually brought about at this 
temperature iu five or ten minutes, but in some instances one may 
require to go up to 1*20° F. before the desired result is obtained. 
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relative pitch of the note yielded by the various hollow, 
viscera. The presence of free gas in the peritoneal 
cavity causes the normal liver and spleen dullness to 
disappear. 

If any abnormal dullness be detected, the chief 
point to be determined regarding it is whether it is 
constant in position or shift^ with alterations in the 
position of the patient. This will be more fully dis- 
cussed when we come to speak of ascites. 

Hydatid cysts yield on percussion a special kind of 
vibration called the 46 hydatid thrill To elicit it, three 
fingers should be placed" over the cyst, an^ the middle , 
one firmly percussed, the percussing fingen blim^ 
allowed to rest for a moment after each stroke. J|i? 
44 after- thrill 51 will then be experienced in the two 
adjacent fingers. It should be added that the sign is 
absent in about half the cases of hydatid cyst. 

Auscultation of the abdomen* — Ausculta- 
tion is not of much service in the examination of the 
abdomen. It is best to carry it out fey means of a 
binaural stethoscope. In the region of the stomach 
one may listen for swallowing sounds, bubbling and 
splashing (to be described later), or for abnormal con- 
duction of heart sounds. Elsewhere one may hear 
friction sounds — from the presence of lymph m sur- 
face of the peritoneum. One may; listen over aneu- 
rysms to detect a bruit, and over suspected enlarge- 
ment of the uterus for the presence of the ulerine 
souffle or foetal heart sounds. The latter are best heard 
(in normal presentations) at a point mi&way between 
the umbilicus and the left anterior superior fpine. 

Complete silence over the abdomen or any part 
of it, indicating cessation of intestinal peristalsis, is 
sometimes of value as a sign of peritonitis. 

In cases of general abdominal swelling, measure- 
ment should never be omitted, as it affords a valuable 
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middle line of the abdomen while percussion is being 
made. This damps down any vibrations transmitted 
by the wall. Where the amount of fluid is large, the 
vibrations are visible as well as palpable. On the 
whole we consider that the results of simple percussion 
afford the most trustworthy evidence of the presence 
of ascites. 

Fat is to be distinguished by taking the abdominal 
wall between the hands and pinching it up. Gas is 
distinguished by the results of percussion. Of new 
growths , ovarian tumour is, perhaps, most liable to 
be mistaken for ascites. An ovarian tumour, how- 
ever, causes an antero-posterior bulging of the ab-_ 
domen, while in ascites the bulging is mainly lateral. 
In ovarian tumours, also, the dullness is central, and 
does not change with the position of the patient ; in 
ascites the chief dullness is in the flanks, and it shifts, 
as we have seen, when the patient is moved. Lastly, 
in ascites the umbilicus is flat or bulges out, while in 
ovarian tumours it is drawn upwards. 

r 

III. THE ABDOMINAL VISCERA 

One may now pass to the examination of the i 
viscera in the abdomen, beginning with the stomach. * 

The Stomach 

Special anatomy (Plates 1, 4). — The normal 
stomach in the living subject is shaped like theletter 
J (Fig. 6), and, when empty, is situated within the 
limits of the left hypochondriac and the left half of 
the epigastric region. The cardiac orifice lies, as a 
rule, on the left side of the 11th dorsal vertebra, 
and 4 in. behind the 7th left costal cartilage, 1 in. 
from the sternum. The position of the pylorus s 
varies with the degree of distension^ of the organ, 
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but it is usually at, or just to the right of, the 
middle line and midway between the infrasternal 
notch and the umbilicus. It is normally under cover . 
of the liver. The fundus of the stomach reaches' 
as high as the 5th interspace in the midclavicular 
line, and rises a little above and behind the heart's 
apex-beat. Only a small part of the body of the 
stomach and of the pyloric 
region is in contact with 
the anterior abdominal wall. 
f The exact position of the 
greater curvature varies. 

Under normal conditions it 
should never be lower than 
the level of the umbilicus ; 
usually it is considerably 
higher, being about the level 
of the infracostal plane in 
the recumbent position. 

It is difficult to deter- 
mine the exact dimensions 
of the stomach, owing to 
its position, to the varying 
amount of gas it contains, 
and to the proximity of the 
transverse colon.* • 

Recourse is frequently had to inflation of the 
stomach with gas in order to overcome some of these 
difficulties. The best method of inflating the stomach 
is to pass a stomach- tube provided*with a glass mouth- 
piece. One distends the stomach either by blowing 
down the tube or by connecting it with a Higginson's 
syringe or with a bicycle pump. One can clamp the 

l* AH* these difficulties are obviated by examination with the 
X-rays after a bismuth or barium meal. A description of the 
method, however, does not fall within the scope of this book. 
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tube when a sufficient degree of distension has been 
attained. 

Inflation may also be carried out by causing car- 
bonic acid gas to be produced in the stomach by the 
interaction of tartaric acid and bicarbonate of soda. 
In order to inflate the organ to its normal dimensions 
without over-distending it, 15 gr. of tartaric acid 
should be given in a cachet, followed immediately by 
30 gr. of bicarbonate of soda in solution. Jf the 
stomach be dilated, however, three times these quan- 
tities or even more may be required, 

A moderate degree of inflation can^lso be brought 
about by causing the patient to drink a tumblerful of 
soda-water. If the stomach be then percussed with 
the patient sitting up, the fundus will be found to be 
resonant from its distension with gas, whilst the lower 
limit of the greater curvature can be determined from 
the dullness caused by the water. 

Inflation should never be practised if there has* 
been any recent bleeding from the stomach or if 
one has reason to suspect the existence of a 
gastric ulcer. It should also be avoided in feeble 
subjects and in those in whom the heart is in any 
way embarrassed. 

Inspection of the stomach region is included 
in the general examination of the abdemll (p, 57). 

Palpation of the stomach, Note any 
tenderness, and define its point of greatest intensity. 
Examine for tumours . The commoi^l) of these is a 
pyloric new growth. Tumours of 1 this region are 
characterized by their great mobility, 1 They may be 
felt in, or pushed into, any region of the abdomen. 
Lastly, try for splashing. To make out 'this, sit at the 
left side of the patient with one hand over the left 
lower ribs behind ; with the other placed over ''the'3 
front of the stomach, make short, ^udden dipping 
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movements., II “splashing ” be elicited it will be 
partly beard and partly felt. 

-? lasili n ng eIicited tliree tours after a meal, 
especially if it can be made out below the level of the 
umbilicus, is very suggestive of a dilated stomach * 

• Pe ?? 1 USS,OM of ,he stomach — Three bound- 
anes of the stomach can be made out by percussion : 

Sd W kng ; (2) bet ™ stomach 

and tyer , (3) between stomach and colon. 
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sion. The flicking ” method succeeds very well here 

fusfto tbelTf n rr the ,r bes ’ and p ™ 8 ^12 

just to the left of the middle line. The lower border 
of the stomach should be reached at least a finger’s 
breadth above the umbilicus. ° 

The limit between the lower edge of the lung and 
tta upper part of the ston^ch is made out in a s imilar 
" mf;’ 14 “ better to percuss from stomach to lung 
The usual line of demarcation between the two runs 

2 Safe 

' no, ed„ of a e 

Pf, the liver, a^d below by the & costal margin! is 

elicited o>er even a S^^lt^mach'shoril a splasil ma y be 
ing much fluid, especially if the abdominnl^. a u T a ™ eal “Plain - 
r-sjiould be taken not to mistake a > and care 

oblon for a stomach splash The iffiS m t]le transverse 

Jhe hteuach and in thT'eolor ™v betwe ® s P laa hmg in 
easier by auseulHfirx? 1 ^’ ln ,, cases of difficulty, be 
sto^Xwbeb fch^ RpIasSnw^is^elicited^^ " Pper 0 / the 
cusfc^agfs tomacl^>f 70)». 0 18 ellclted Wjf* auscultatory per- 
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called Traube’s space. It covers tliat portion of the 
stomach which is in direct contact with the chest 
wall. We have seen that the fundus of the stomach 
extends above this under cover of the lung as high as 
the 5th rib in the nipple line. It cannot, however, be 
satisfactorily percussed out. 

The demarcation between the stomach and liver is 
made out by percussing lightly from the stomach 
towards the liver margin. It is not of much import- 
ance in diseases of the stomach. 

We would repeat that for the diagnosis of dilated 
stomach the position of the greater curvature is of most 
importance. If this be found to be below the umbili- 
cus, while the lesser curvature is in its normal position, 
then the existence of dilatation is certain. It is con- 
firmed if the stomach note extends much across the 
middle line towards the right. 

The position of the boundaries between stomach 
and lung and stomach and liver depends as much upon 
the condition of the lung and liver as upon the stomach 
itself. Thus in fibroid contraction of the lung more of 
the stomach is exposed than is normal, and its area is 
therefore apparently increased. Cirrhosis of the liver 
may produce a similar apparent extension of stomach 
area. On the other hand, effusions into the pleura or 
enlargements of the liver cover-up the stomach and 
cause a diminution in its area of resonance. Hence in 
the former condition Traubc’s space is much dimin- 
ished (see p. 273). The possibility of a dislocation of 
the whole organ downwards must never be lost sight 
of. In such a case the outline of the lesser curvature 
often stands prominently out, especially when the organ 
is inflated. If the distance between the greater and 
lesser curvature is more than 10 cm., dilatation exists. 

The combined percussion -auscultation 
method often gives valuable aid in mapping out the 
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stomach.* It depends upon the fact that vibrations 
set up in the stomach, or any other gas- containing 
organ, resound all through it, and can be heard through 
a stethoscope placed over any part of it. To carry 
out this method proceed as follows : Place the end of a 
binaural stethoscope as nearly as possible over what 
one believes to be the mid-point of the stomach, i.e. 
a little below the xiphisternum. Then make light 
scratching movements on the skin along lines radiat- 
ing from this point towards the borders of the 
stomach. So soon as the edge of the area of stomach 
in direct contact with the abdominal wall is passed, the 
characteristic note produced by the vibrations set up 
in the organ cease. If the characteristic stomach note 
be not obtained at first, the stethoscope should be 
moved downwards in the direction of the umbilicus. 
Previous inflation, though not essential, greatly facili- 
tates the carrying out of the method. 

Auscultation of the stomach area may 
detect peritoneal friction over it, or the crackling due 
to the bursting of fermentation bubbles in the interior. 
Heart sounds and mufmurs are sometimes heard 
loudly over the stomach as over a resonating chamber. 
The deglutition sounds are of no diagnostic value. 

The chemical investigation of the stomach is con- 
sidered in Section IV. (p. 87). 

The Liver 

, Special anatomy (Plates 1, 3).— The liver lies 
chiefly in the^xight hypochondrium. Its left lobe ex- 
tends across the epigastric region, but does not pass 
more than 2 in. to the left of the sternum. Above, the 
liver reaches almost to the nipple ; below, it extends to 

, * * s rarely possible to make out the actual size of the stomach 
by this method, but it delimits accurately the area in contact with 
the anterior abdominal wall, and from this valuable inferences 
can be drawn. 
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the costal margin. The lower border passes obliquely 
upwards from the 9th right to the 8th left costal car- 
tilage, crossing the middle line somewhat above the 
mid-point between the base of the xiphoid and the 
umbilicus. 

The gall-bladder is situated just internally to 
the 9th right costal cartilage, and immediately to the 
outer side of the right rectus muscle. 

Inspection of the liver is of little value. 
Any visible swelling, fullness, or pulsation should be 
noted. The edge of the liver can sometimes be seen 
when the organ is enlarged. It forms a sharp line 
which moves up and down with respiration. 

Palpation of the liver.— The lower edge should 
first be felt for. In order to do this, place the hand 
flat on the abdomen, with its edge towards the costal 
margin and just to the outer side of the rectus inuscle, 
the reason for going so far out being to avoid the upper 
septum of the rectus sheath, which is apt to be mis- 
taken for the lower edge of the liver. Then depress 
the edge of the hand slightly so as to push up a fold 
of skin, and ask the patient Co take a long breath. If 
the edge of the liver be palpable, it will be felt to ride 
over the edge of the hand. Trial, of course, must be 
made at different levels before it is decided that the 
edge cannot be felt. The edge of the liver cannot, or 
can only very rarely, be felt in health. It moves down 
from two-fifths to three-fifths of an inch wi.th inspira- 
tion. The character of the edge should also be noted 
— whether it is smooth or irregular, thickened or sharp. 
If in doubt whether what is felt be really the liver edge, 
feel for the fissure of the gall-bladder, and, towards the 
middle line, for that produced by the round ligament. 

The surface of the liver in the epigastrium 
should then be felt in the usual way. Any tenderness 
should be noted, and whether it is localized or general. 
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The character of the surface should be made out. Is 
it smooth, as in waxy disease, or nodular as in car- 
cinoma ?, In the latter condition the centres of the 
nodules will often be found to be U-mbili ca ted. Care 
must be taken not to confound little irregularities 
which are frequently present in the upp er p arts of the 
recti with irregularities on the surface of the liver. 
Liver friction (due to perihepatitis) can sometimes be 
felt. It is usually best made out over the posterior 
surface of the organ between the vertebrae and the 
midaxillary line. 

Heaving pulsation of the whole org an can fost be 
appreciated by placing one hand over the lower right 
ribs behind and the other over the org ari j n f ron t 6 

Percussion of the liver.— -The following table 
shows the normal percussion limits 0 f fu e i,- VPT 
(Pig. 23, p. 139) : — 
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of xiphoid. 

or below it. 
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Procedure: — The patient should be lying down 
for percussion of the anterior and lateral aspects * 
sitting up or standing for the posterior aspect ^ ’ 

To make out the deep dullness, use heavy percus 
sion— two fingers, if necessary. Begin high up— say 
about the 2 nd rib— so as to get a good lung note 
and percuss down from rib to rib till impairment is 



74 


AilMjSNTABY SYSTEM [crap. 

detected. Then repeat the process, going from space 
to space instead of from rib to rib. Percuss in this way 
down the mammary, midaxillary, and scapular lines. 

The upper limit of liver dullness in the middle line 
cannot be distinguished from the heart dullness. To 
map it out, draw a straight line from the apes beat to 
the angle where the right edge of the heart and the 
deep liver dullness meet. To make out the upper limit 
of superficial dullness, percuss lightly down the same 
lines. The upper limit of liver dullness forms an 
almost horizontal line around the chest. 

In defining the lower edge of the liver, use very 
light percussion, and pass upwards. The “ flicking ” 
method does well. Another good plan is to percuss 
with three fingers oh the right hand held in a row. 
Very slight degrees of dullness can often be more 
easily detected by this device. 

The exact position of the lower edge of the liver is 
extremely variable. Usually it coincides with the 
costal margin in the mammary line. It may be con- 
siderably above or below this, however, without there 
being any pathological change in the organ. Its posi- 
tion in the middle line is also very variable. As a rule, 
it is situated about a hand’s breadth below the base 
of the xiphoid; 

In percussing the surface of ^he liver where it is 
not covered by lung, it should be observed that the 
organ has a certain degree of resistance or resilience. 
The normal amount of this can only be learnt by prac- 
tice. If the organ be enlarged or congested, its resist- 
ance to percussion is increased owing to its being more 
firmly pressed against the chest wall. 

The fiver may be displaced, enlarged, or diminished. 

Displacement may be either upwards or down- 
wards. Upward displacement may occur from 
tumours, etc., in the abdomen pushing the liver up. 
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Downward displacement may be brought about by 
dilatation of the right ventricle of the heart, right 
pleural effusion, or emphysema of the lungs, or, more 
rarely, by new growths below the diaphragm. When 
the liver is dislocated downwards, the rounded upper 
surface of the left, and part of the right, lobe can 
usually be made out crossing the epigastrium. A dis- 
placed liver also does not move freely with respiration, 
while a liver which is merely enlarged does. 

One must distinguish between real enlargements 
and diminutions of the liver and those which are 
apparent only. 

Thus, enlargement of the liver may be simulated 
by consolidation of the base of the right lung, or by 
effusion into the right pleura. Downward enlarge- 
ment may be simulated by accumulation of faeces in 
the transverse colon. 

An hydatid cyst in the liver often produces an 
enlargement of the organ upwards rather than down- 
wards. 

Diminution of the liver may be simulated by the 
organ being covered up by an emphysematous lung, 
or by the colon passing up between it and the abdo- 
minal wall. The latter is a rare condition. It should 
be suspected if the lower limit of liver dullness varies 
very much at different points. 

The gall-bl adder is examined by palpation and 
percussion. It cannot be felt unless distended. It 
may then form a smooth, pear-shaped swelling, situ- 
ated just to the outer edge of the right rectus muscle. 
It can be moved freely from side to side round a point 
opposite to the 9th costal cartilage. It also moves 
with respiration. Sometimes gall-stones can be felt 
m it.' If there be many of these they produce on 
palpation a sensation resembling that produced on 
feeling a bag of nuts. * 
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The gall-bladder should always be felt carefully 
for tenderness. In order to elicit this the patient 
should sit up and lean forwards whilst the examiner, 
standing behind and to the right of him, tucks his 
fingers in under the costal margin just outside the 
right rectus muscle. The patient is then told to 
take a deep breath. As the diaphragm descends 
the gall-bladder is driven against the fingers, and if 
it be tender the breath is at once arrested with a 
“ catch. 95 This is spoken of as Murphy’s sign. 

On percussion, a distended gall-bladder forms 
a dull area, projecting from the liver dullness to- 
wards the umbilicus, but usually continuous with it. 
Sometimes, however, the transverse colon comes to lie 
across the neck of the gall-bladder, so as to separate it 
from the liver. When this occurs, diagnosis of the 
tumour is apt to give trouble. To this point we shall 
recur when we come to the examination of the right 
kidney (p. 79). 



fig. 7. — Enlargement of spleen. 


The Spleen 

Special anatomy 

(Plates 2, 4). — The spleen 
lies in the left hypochon- 
drium. It is bounded above 
by lung, elsewhere by stom- 
ach and intestine. Its lower 
end rests upon the cost'o- 
colic fold of peritoneum. It 
lies along the 9th, 10th, and 
11th ribs, being partially 
separated from them by 
the diaphragm and lower 


edge of the left lung. Its 
upper end is opposite the 9th dorsal spine, and 
reaches to about in. from'' the middle line. Its 
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lower end comes as far forward as the midaxillary 
line. * 

Inspection of the spleen. — If much enlarged, 
the spleen may form a visible tumour in the left side 
of the abdomen, which moves with respiration (Fig. 7). 

Palpation of the spleen. — This is really the 
most important method of investigating the spleen. 
If one can exclude dislocation, then a spleen which is 
palpable^may safely be pronounced to be enlarged ; 
and it is never safe to diagnose enlargement of the 
spleen unless it is palpable. 

There are two methods of feeling for the spleen : 

1. Stand or sit at the left side of the patient as he 
lies on his back. Keep the hand flat on the abdomen, 
and depress the fingers a little, so as to push up a fold 
of skin near the left costal margin opposite the 10th 
cartilage, and get the patient to take a long breath. 
The edge of the enlarged spleen will be felt to come up 
against the finger-tips, and to ride over them, as it were. 

2. Go to the right side of the patient. Place the 
fingers of one hand behind in the space between the 
ends of the 10th and 11th ribs. Place the other hand 
over the left hypochondrium, with the fingers slightly 
tucked in under the edge of the costal arch. With the 
posterior hand tilt the spleen forwards while the 
patient inspires. The edge of the organ will then be 
felt against the fingers of the other hand. 

The edge of the spleen is sharp and usually quite 
smooth. Notches can often be felt in it, but by no 
means invariably. It is important to note (1) that the 
anterior border of an enlarged spleen is always directed 
downwards and inwards, and (2) that there is always a 
slight space between the posterior edge of the spleen 
and the erector spinse, into which the fingers can be 
dipped. Occasionally the spleen enlarges upwards 
only. This ipay happen where the eosto-colic fold is 
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abnormally well developed, and keeps the organ up. 
For the detection of such a condition one must have 
recourse to percussion. 

Sometimes, on the other hand, when the spleen gets 
very large it pushes down the costo-colic fold and then 
drops down itself. A spleen which at one time crossed 
the middle line may cease to do so by dropping down 
in this way, though the organ is really larger than ever. 

Percussion of the spleen. — The anterior part 
of the spleen can be defined whilst the patient is lying 
on his back. For the posterior part one of two positions 
is advisable — he may either sit up, with his left hand 
supported on the top of his head, or he may be 'semi.** 
prone, resting chiefly on the right scapula, with the 
left arm behind the head. He should not be altogether 
on his right side, else the spleen falls away too much 
from the surface of the body. The organ is most 
sharply defined when percussed with the chest either in 
full inspirationor full expiration. It is least clearly made 
out when the chest is in an intermediate position. . 

The limits of the normal spleen cannot always be 
defined by percussion. It may be borne away so much 
from the surface, owing to extreme arching of the 
diaphragm, or it may be so covered up by lung that 
it is impossible to be sure of its exact limits. 

Procedure. — Define the anterior edge by per- 
cussing lightly along the 10th rib, beginning near the 
costal edge. The splenic dullness (absolute) should 
be reached at the midaxillary line. 

The lower edge is defined by percussing lightly 
upwards along the posterior axillary line or slightly 
behind it. The lower edge of the spleen should be 
reached about the lower border of the 11th rib. 

To make* out the tupper and posterior borders 
heavier percussion is required. Percuss vertically 
downwards about midway between the posterior 
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axillary and scapular lines, beginning at about the 
level of the angle of the scapula. The lung note will 
become impaired at the upper edge of the 9th rib, 
indicating that the upper limit of the spleen has been 
reached. 

The posterior border is defined by percussing along 
the 10th rib, beginning near the middle line. The 
splenic dullness is reached at about 1J in. from the 
vertebral spines. .This border is not always easy to 
make out. 

By joining together the different points defined 
above, an oval area will be mapped out, which 
measures about 3 in. in its long diameter and 2 in. 
transversely. 

Extension of splenic dullness may be simulated by 
effusions into the left pleura, or consolidation of the 
base of the left lung ; by the presence of fluid in the 
stomach, or of faecal accumulation in the colon. 

Auscultation over the spleen may be prac- 
tised to detect the existence of friction. The - latter 
occurs in perisplenitis and over the surface of splenic 
infarcts. 

The Kidneys 

Special anatomy (Plates 2, 3). — Each kidney 
lies partly in the epigastric, partly in the hypochon- 
driac region. The right kidney hes partly in the 
lumbar region as well. As regards their relation to 
the anterior abdominal wall, the kidneys are higher up 
than one is apt to suppose. The lower end of the 
right kidney is fully 1 in. above the umbilicus, the left 
is about £ in. higher. The lower end of each is about 
3 in. from the middle fine. 

_ As regards their posterior relations, about one- 
fchird of each kidney hes above the last rib. The upper 
end 6f the right kidney is at the level of the 11th 
dorsal spine, whilst its lower end reaches to about 1 in. 
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above the iliac crest. The left kidney is about J in. 
higher. 

Palpation of the kidney. Procedure. — The 

patient must be on his back with the knees slightly 
flexed, and the shoulders raised on a firm pillow. The 
lumbar region must be quite flat on the couch, not 
arched forward. Sit or kneel beside the patient on 
the side to be examined. Place one hand upon and 
below the last rib behind, the other immediately below 
the costal margin in front. It is best to have the 
right hand in front when examining the right kidney, 
and the left hand in front when examining the , left. 
The posterior hand should press the loin forwards, 
while the other hand pushes the anterior abdominal 
wall backwards, upwards, and outwards. The kidney 
will then be felt between the two hands if it is at all 
enlarged or displaced. Even in health (provided the 
patient be not too fat) the lower part of the organ 
can often be felt. 

Should this manipulation not succeed, the patient 
must be asked to take a long sighing inspiration. If 
the front hand follows up the receding abdominal wall 
as the air leaves the chest, the kidney will be caught 
between the two hands. 

The kidney moves very slightly with respiration. 
An exaggeration of this normal mobility,' so that the 
organ slips up and down like a pea in a pod, constitutes 
movable kidney. This must be distinguished from float- 
ing kidney , in which the organ moves freely forward 
so as to “ float ” towards the anterior abdominal wall, 
as well as moving vertically and laterally, 

A floating right kidney is very apt to be mistaken 
for a distended gall-bladder, and vice versa. The 
shape, size, and consistence of the tumour may be 
apparently identical in the two cases. One point of 
distinction is that while a distended gall-bladder can 
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be temporarily pushed back from the abdominal 
wall, yet it always tends to spring forward again ; it 
is therefore always in evidence. It is not so with a 
floating kidney ; the latter often disappears for a 
time, and can only with difficulty be got hold of again. 
Another point of distinction is that a kidney can be 
pushed down towards the pelvis and held there even 
during forcible expiration, 
whilst the gall - bladder 
moves upwards again 
during the expiratory act. 

The different relation of 
the colon to the kidney 
and to the gall-bladder 
should also be remem- 
bered. 

An enlarged left 
kidney may be mistaken 
for the spleen. The points 
of distinction are: (1) The 
spleen has a sharp edge. 

The edge of the kidney 
is always rounded. The 
existence of a sharp edge 
in any abdominal tumour 
excludes the kidney at 
once. (2) There is no 
space between the pos- 
terior border of the kid- 
aey and the erector Kg . g.-showing colon crossing a 
spinse, as there is in the of the kidney - ( A ft er 

case of the spleen ; and ' aiu 
(3) the colon lies between the kidney and the anterior 
abdominal wall, but not over the spleen (Fig. 8).* 

* If one is in doubt whether the colon lies in front of the tumour 
or not, it is often a help to inflate the large bowel by means of a 
rectal tube connected with a Higginson’s syringe or bicycle pump. 

Q 
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It is impossible to determine the size of the 
kidney by means of percussion. 

An enlarged kidney tends to bulge forwards. 
Perinephric abscesses, etc., bulge backwards. 

The Intestines 

Special anatomy. — The small intestine occu- 
pies chiefly the umbilical and hypogastric regions ; the 
large intestine, the peripheral zone of the abdomen. 
The ileum joins the colon at a point 2 in. internal to, 
and somewhat above, the right anterior superior iliac 
spine. The apex of the caecum corresponds to a point 
a little to the inner side of the middle of Poupart's 
ligament. The base of the vermiform appendix usually 
lies opposite a point 1J to 2 in. from the anterior 
superior spine along a line drawn from that spine to 
the umbilicus. This is sometimes called McBurney’s 
point, because he has shown that in the majority of 
cases of appendicitis that is the point of maximum 
tenderness as determined by the pressure of one finger. 

The splenic flexure of the colon lies behind the 
stomach, the hepatic lies under cover of the liver. 
The former is at a somewhat higher level than the 
latter. The transverse colon passes across the abdo- 
men in a slightly curved direction, the lower part of 
the curve reaching to about the umbilicus. 

Examination of the intestines^y inspection and 
palpation has been described earlier in the present 
chapter under the general examination of the abdomen 
(p. 57). 

Percussion oi tlie intestines. — The notes 
yielded by the small and the large intestine cannot be 
satisfactorily discriminated. The combined percus- 
sion-auscultation method can be used to map out the 
colon in the same way as for the stomach (p. 70). One 
should place the stethoscope near the splenic or hepatic 



m] RECTAL EXAMINATION S3 

flexure, and percuss close to it. Then one may begin 
at what is presumably beyond the periphery of the 
gut, and continue to percuss towards the stethoscope 
until one recognizes the characteristic note. 

Rectal examination. — Place the patient in a 
good light and in a semi-prone position — i.e. resting 
on the left breast with the right thigh and knee wel 
drawn up, the inner aspect of the right knee resting 
on the couch. Draw aside the glutei and inspect the 
region of the anus, noting the presence of any erup- 
tion, of external haemorrhoids, etc. Smear the right 
forefinger with vaseline and fill the nail with soap. 
Pass the finger slowly and gently through the anus, 
directing it slightly forwards at first. Note the degree 
of resistance offered by the sphincter; this shows 
whether the latter is normal, spasmodic, or relaxed. 

Once the anal canal is passed, direct the finger 
slightly backwards and upwards, asking the patient 
to bear down a little at the same time. The finger 
can then be swept round and the whole inner surface 
of the rectum explored. 

Two folds of mucou£ membrane will be encoun- 
tered (Houston’s folds), one opposite the prostate in 
front, the other higher up, near the middle of the 
sacrum, and passing in from the left side. The pros- 
tate will be felt projecting into the rectum in the male, 
and above it is the trigone of the bladder flanked by 
the seminal vesicles ; below it is the membranous 
urethra. In the female the cervix uteri will be felt 
projecting back in the form of a hard knob. The 
mucous membrane must be examined for polypi, 
ulcers, etc. ^ 

It must be remembered that haemorrhoids are not 
palpable. The presence of scybala or foreign bodies 
can be determined, and the existence of any tumour 
either in the bowel or pressing upon it, can be made 
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out. If the lymphatic glands which lie in the hollow 
of the sacrum are enlarged, they can be felt. 

IY. INVESTIGATION OF THE GASTRIC 
FUNCTIONS 

The object of the investigations now to be described 
is to test the digestive and motor power of the stomach. 

The procedure is as follows : The patient has a light 
supper on going to bed, and the tube is passed (p. 52) 
the first thing next morning. The contents of the fast- 
ing stomach thus obtained furnish useful information. 
The presence of food indicates stagnation of the con- 
tents ; if there be over 5 oz. of dear gastric juice with- 
out food, hypersecretion exists ; if on washing out the 
stomach flakes of mucus are obtained which sink in the 
wash-water, one can diagnose gastritis. 

Test Breakfast 

| The next step is to give a test breakfast consisting 
: of two slices of toast and two cups of weak tea. It 
' is withdrawn an hour afterwards. 

Method of withdrawal. — Pass the stomach- 
tube as described at p. 52, but have it connected 
with a glass or vulcanite funnel. The patient should 
sit on a chair placed on a square of waterproof sheet- 
ing. He should be wrapped in % mackintosh and sit 
.with his legs apart, so that anything spilt on the 
mackintosh may run into a pail placed between them. 

When the tube has reached the stomach,* ask the 
patient to retch or cough, the end of the funnel being 
depressed at the same time. In this way a sample of 
the contents can usually be obtained and caught in a 
clean vessel. Should this fail, press over the epigas- 
trium while the patient leans forward, and try to drive 

* The best flow is usually obtained when the tube has passed 
about 22 in. from the teeth. 
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the stomach contents up into the tube. Should the 
contents still fail to come away, the following pro- 
cedure may be tried : Fill the funnel with warm 
water, pinching the indiarubber tube a short distance 
below with the left hand, so that no air can get 
down ; then, relaxing the pressure, let the water fill 
the tube to some way beyond the piece of glass 
inserted in the middle of it. When just enough 
water has been allowed to pass down to fill the 
tube, lower the funnel, let the water run into the pail, 
and the contents of the stomach are sucked up by the 
siphon-action thus induced, and may be caught, when 
they appear after the water, in a clean basin. If it 
is done carefully, little or no water enters the stomach, 
and hence the contents are not diluted. In difficult 
cases removal of the contents is greatly facilitated 
by the use of Senor art's stomach-aspirator (Fig. 9). 

This apparatus consists of a glass bottle which is con- 
nected with the stomach- tube by means of a lateral arm, and 
which can be partially exhausted by a rubber bulb. Air can 
be admitted into the bottle at will through a small hole in 
the neck covered by a rubber ring which serves as a valve. 
The tube is passed as before, and when it has reached the 
stomach the valve is opened, the bulb compressed, the 
valve closed again, and the bulb allowed to expand, so 
aspirating the stomach contents into the bottle. Before the 
tube is withdrawn, air must be admitted into the bottle, as 
otherwise there is a dagger of pulling upon the gastric mucous 
membrane. The bottle can afterwards be closed with a rubber 
stopper, the tube detached, and a cap slipped over the lateral 
arm. It can then be taken with its contents to the laboratory. 

When the stomach contents have been obtained 
they should be allowed to settle in a tall jar, after 
which one can proceed to examine them. If necessary, 
they may be decolorized by shaking them up with 
animal charcoal. • f 

The points that have to be investigated in the 
product are as follows 
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L Physical characters. 

2. Acidity. 

3. Enzyme content.* 

4. Microscopical characters. 

1. Physical characters. — A very small result 
r onTtfie test meal, containing little fluid and imper- 



Fig, 9. — Senoran’s stomach-aspirator. 

fectly dissolved masses of food, indicates defective 
secretion or hypeimotility. An abundant and very 
liquid yield points to excessive secretion or diminished 
motility, or both. When the contents consist of a 
large quantity of greenish fluid with a deposit of 
starchy material at the bottom, hypersecretion is 

* This Heed only he investigated if free HC1 be absent and the 
total acidity less than 20. 
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present. A froth on the top of the fluid, with a yeasty 
odour, indicates fermentation from pyloric obstruc- 
tion. A sour, acrid smell points to the presence of ■ 
organic acids. If the contents are viscid and filter 
slowly, mucus is present in excess (gastritis). 

The product of the test meal should now be filtered 
through a folded filter-paper, and the investigation of 
the filtrate proceeded with. 

2. Acidity, (a) Are the contents acid? — Test 
with litmus. 

' free HCI present? — Congo - red payer j 

(Appendix, 5) is turned blue. An approximate idea 
of the amount of acid preset may be obtained from 
the depth of tint produced. Normal gastric juice 
turns the paper a sky-blue. 

Gunzburg's test for free HCI . — Place 10 drops of the 
stomach contents in a porcelain capsule, add an equal 
quantity of the phloroglucin and vanillin solution * 
(Appendix, 5). Heat gently, taking care to avoid 
charring. When almost dry, complete the evapora- 
tion by blowing on the surface of the fluid. If free 
hydrochloric acid be present a pink^colour appears, 
usually at the periphery of the dried fluid. 

The reaction is only given by free hydrochloric acid J : 
The combined acid and organic acids do not yield it. ** 

Boas's resorcin reagent (Appendix, 6) may be used Js 
similarly. It gives a purplish colour. This method is 
less sensitive but much more economical than that of 
Giinzburg. 

Dimethyl- amino-azo-benzol (methyl-orange) gives a 4 
red reaction with free hydrochloric acid, but is not 
sucKT delicate test as either of the above. It is 
best used in the form of test papers soaked in a 0‘5- 
per-cent. alcoholic solution of the dye. 

j^Are or ga nic acids present? — These need only 
* The solution should he freshly prepared. 
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be tested for if free HC1 is absent, or if there are 
indications of stagnation in the contents. 

Tests for organic acids . — These must first be dis- 
solved out by means of ether. Shake up 10 c.c. of 
the fluid with 50 c.c. of ether very thoroughly in a 
separation funnel or tall cylinder. Pour off the ether. 
Divide the ethereal extract into two equal portions, 
and place these in wide beakers. Set one in hot water ; 
allow the other to evaporate slowly at the temperature 
of the room. In the former all the ether will soon have 
disappeared. Dissolve the residue in about 5 c.c. of 
water. Take some of Ufielmann 5 s reagent (Appendix, 
7) in a test tube, and^SH tolt'^few drops of the 
watery solution. If the blue solution changes to 
yellow, lactig,,.a,oid is present. 

The residue of the second beaker is used to test for 
acetic and butyric acids. These, being volatile, would 
be driven off unless the ether had been evaporated at a 
low temperature. Dissolve the residue in a little water. 
Neutralize part with a little carbonate of soda, and 
add to it some very dilute neutral perchloride of iron 
solution. A claret-red colour indicates the presence 
of acetic acid. To the other part of the solution of 
the residue add a small fragment of calcium chlo- 
ride. If oily drops appear on the surface, it follows 
that butyric acid is present. Acetic acid can also be 
recognized' by the odour of vinegar ; butyric acid by 
its characteristically rancid smell. 

(il T otal acidity, — Take 10 c.c. of the filtered gastric 
contents (ma'beaket),' add a few drops of dimethyl-ammo- 
azo-benzol, * and cautiously run in deemp^mal^caustic „soda 
solution until the pink colour is discharged. Bead the burette 
(first reading). Now add a few drops of an alcoholic, solution 

* Instead of adding the indicator, the papers of this indicator or 
of Congo [red may be conveniently used. In this case a drop of 
the beaker contents is removed on a glass rod from time to time 
during the filtration until the free acid is shown to he neutralized. 
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of phenol-phthalein. Again run in the soda solution, this 
time until the least trace of persistent pink colour appears 
in the beaker. This can best be appreciated by holding 
against a white surface. Read the burette (second read- 
ing). The first reading gives the amount of the “ free 
acidity ” ; the second reading shows both the “ total ” and 
the “ combined ” acidity,* the “ total ” by the number of 
cubic centimetres run in from the beginning of the titration, 
the “ combined ” by the number added after the first read- 
ing was made. 

Should there be no free acid, the “ deficit ” may be deter- 
mined, i.e. HC1 is added to 10 c.c. of the filtered contents 
until free acid is present. Then, after adding phenol- 
phthalein, the acidity is determined with -j^NaHO. In this 

case the “ total ” acidity is obviously the number of cubic 
centimetres of alkali used minus the number of cubic centi- 
N 

metres of — acid previously added. 

The results of these titrations may be stated in one of two 
ways : (1) Directly, from the number of cubic centimetres of 

^jNaHO required to neutralize 100 c.c. of the stomach con- 
tents ; e.g. if to neutralize the 10 c.c. of contents 5 c.c. Of 
N 

j^NaHO were necessary, thdh for 100 c.c. of contents 50 c.c. 

of soda would be required, and the “ total ” acidity would be 50. 
If of this 5 c.c. of soda 3 o.o. were required to neutralize the free 
acid and 2 c.c. to neutralize the combined acid, the “ free ** 
and ** combined ” acidities would be respectively 30 and 20. 
Normally the total acidity varies from 40 to 60. 

(2) Indirectly, in terms of HC1. Thus, one litre of deci* 
normal soda is required to neutralize 3-65 grm. of HC1. If, 
therefore, 100 c.c. of stomach contents require 50 c.c. of soda 
to neutralize them, then the acidity of the 100 c.c. is equal to 
that of 0*18 grm. HC1 — that is to say, the acidity is 0*18 per 
cont. The normal total acidity in terms of HC1 is about 0*2 
per cent.f 

t * The term “ combined,” as used here, includes acid combined 
with proteins, with enzymes, and with mineral bases in the form 
of acid salts. Acidity due to free organic acids will also be 
included in the second reading of the burette. 

f The necessity for calculation may be avoided if one remembers 
that, provided 10 c.c. of contents have been taken and that 
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3. The enzyme content.* — The presence of 
albumoses proves the presence of pepsin in the gastric 
juice. In the absence of albumoses, pepsin can be 
tested for by its digestive action on'egg 'albumin. 
Strips of hard-boiled white of egg are cut with a 
double-bladed knife, and discs punched out by a cork 
borer. These are preserved in glycerine till required. 
To each of four test tubes 5 c.c. of filtered gastric con- 
tents and a disc of egg-white are added. The first tube 
receives no further addition ; to the second add 2 drops 
of dilute hydrochloric acid (B.P.) ; to the third, 3 gr. of 
pure pepsin ; and to the fourth, both acid and pepsin. 
Keep all the tubes about body temperature. The rate 
at which the disc dissolves in the different tubes will 
show which ingredient, if any, is deficient in the gastric 
juice. 

Many authorities, holding that the pepsin and 
rennin enzymes run parallel in their secretion, now 
estimate rennin instead of pepsin, and thus judge of 
the amount of peptic enzyme present. , Rennin may 
easily be tested for by adding 2 c.c. of the gaslrie con- 
tents (neutralized and filtered) to 10 c.c. of raw milk 
and keeping the mixture about the body temperature 
for a quarter of an hour. If the milk sets into a solid 
mass the ferment is present. Eor purposes of quanti- 
tative estimation take six test tubes, each containing 
5 c.c. of milk. Take 1 c.c. of contents and add 9 c.c. 
of distilled water. To tube 1 add 5 c.c. of this ^ 
diluted contents and 2J c.c. of 1-per-cent. CaCl 2 . Now 
dilute the remaining 5 c.c. of contents to 10 c.c., and 
add 5 c.c. of this ^ diluted contents with 2J c.c. of 

decinormal soda is used for titration, the number of c.c, of soda 
required x 0*365 = HOI per 1,000 parts. In order to get the per- 
centage of HOI, one has merely to shift the decimal point one place 
to the left. For example, if 10 c.c. of decinormal soda solution 
were required to neutralize 10 c.c. of gastric contents, the amcmt 
of HCI present is 3*65 per 1,000 or 0*365 per cent. 

* See footnote, p. 86, 
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CaCLj. Repeat the dilution, and add respectively 
5 c.c. of 40, 80, 160 times diluted contents in each 
case with 2J c.c. of CaGL Place for one hour at 37° C., 
and from the amount of coagulation the amount of 
enzyme can be estimated. Normal juice gives a 
<e cheesy ” coagulation with a “ flake ” coagidation 
with dilution. 

4. Microscopic characters. — Films are made 
in the usual way and stained with dilute gentian violet. 
Long bacilli (Oppler-Boas bacilli) are believed to be 
indicative of carcinoma ; yeasts and sarcinge (Fig. 10) 
are common in benign stenosis of the pylorus. 

Product of test breakfast in health. — If 
a test breakfast be given to a healthy person and the 
contents removed one hour afterwards, it will be 
found that 20 c.c. to 40 c.c. of fluid are obtained. This 
is transparent, straw-coloured, of an acidity equal to 
that of 0*2 per cent, or so H01 (40-70, Ewald scale ) ; 
it contains free hydrochloric but no organic acid. 

In some functional disorders of the stomach the 
total acidity of the contents is increased, rising above 
that of 0-2 per cent. HCL Sometimes no free HC1 is 
found. In cases of malignant disease of the stomach 
the absence of HC1 is of sufficient constancy to be of 
diagnostic value. The presence of organic acids is an 
indication of the existence of abnormal fermentative 
processes in the stomach. 

Determination of gastric motility.— To 

estimate the motility of the stomach a test dinner 
should be given. This may consist of a plate of soup, 
5 oz. of meat, a roll, a little mashed potato, some 
stewed fruit, and a glass of water. Seven hours after 
such a dinner the stomach should be found empty. If 
food remnants are present in any quantity (4 oz. or 
upwards), defective motility (atonia) is present. In 
order to test for complete stagnation of the contents 
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the fasting stomach should be washed out in the morn- 
ing after a light supper the night before, as already 
mentioned (p. 84). 

The desmoid reaction (Sahli).— The gastric 
function may be investigated, by this means without using the 
stomach- tube. A methylene blue pill (0*05 gxm. mixed with 
ext. glycyrrhizse) is twisted inside a bag of thin dental rubber 
(cofferdam) and tied with fine 0 0 raw catgut which has been 
rendered soft by soaking in water. A bag thus made should be 
airtight and sink immediately when placed in water. The 
principle of the reaction is that the gastric juice alone can 
digest catgut, it being quite indigestible in pancreatic juice. 
The contents of the bag will therefore only be liberated in the 
stomach. After ingestion, generally with the midday meal, 
the urine is examined, in five, seven, nine to twenty hours, for 
methylene blue. If this appears inside twenty hours a satis- 
factory gastric function is indicated. 

A somewhat similar test may also be used to test pan- 
creatic sufficiency. In this a capsule of gelatin hardened with 
formalin (glucoid) containing 0*1 to 0*15 grm. of iodoform is 
given. Such a capsule is not attacked by the gastric juice, 
but is readily digested by the pancreatic juice. Iodine is then 
tested for, better in the urine than in the saliva, after tw r o, three, 
four to six hours from taking (preferably with a morning test 
meal). Normally it takes from four to five and a half hours. 
Salol may also be used and tesled for in the urine by ferric 
chloride (see p. 372). In pancreatic insufficiency the reaction 
is negative or very much delayed. In diarrhcea with digestion 
unimpaired the reaction is earlier ; in those with impaired 
digestion and absorption it is delayed. 

/ J Y. EXAMINATION OF VOMIT 

1. Naked-eye characters. — The general char- 
acter of the vomit varies greatly, of course, with the 
nature of the food which has been taken. In dilatation 
of the stomach the vomit is apt to he very copions, sour- 
smelling, and after standing exhibits a froth on the sur- 
face. Bilious vomit is yellow or green in colour ; f cecal 
vomit presents a very similar appearance, but is dis- 
tinguished by its feecal odour'and by its neutral or alka- 
line reaction. The presence of much mucus gives to the 
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vomit a viscid consistence. The appearance of the 
vomit in hsematemesis varies. If the bleeding be very 
copious, the vomit may present the appearance of pure 
blood and may contain clots. Such bleeding may pro- 
ceed from a gastric ulcer or from varicose oesophageal 
veins. More commonly the blood is altered in colour 
by being retained for some time in contact with the 
gastric juice ; thus it may be blackish in colour, or 
dark brown. The latter appearance is due to the con- 
version of haemoglobin into hsematin. The altered 
blood gives to the vomit an appearance often com- 
pared to that of coffee grounds or hare soup. It should 
be borne in mind that the taking of preparations of 
iron or red wines may produce a very similar appear- 
ance in the vomit. Vomit which contains dark-green 
bile may resemble very closely vomit which contains 
blood. On diluting with water, however, the green 
, colour of the bile becomes more apparent, while blood 
remains dark. 

2. Chemical examination. — The vomit should 
be filtered through fine muslin. The filtrate can then 
be examined, if desired, 'in the manner already de- 
scribed for the stomach contents. 

Bile can be detected by Gmelin’s test (p. 368). 
For the chemical detection of blood in the vomit the 
guaiac test is not satisfactory. It is better to take up 
some of the brown deposit with a pipette, place it in 
a porcelain capsule, and add a pinch of powdered chlor- 
ate of potash and a few drops of strong hydrochloric 
acid. Heat, till dissolved. Cool and add a few drops o£ 
ferrocyanide of potash solution. A blue colour indi- 
cates that blood is present. The reaction is due to the 
iron contained in the blood pigment. If the patient 
has been taking iron the test is, of course, inapplic- 
able. In such a case some of the deposit should be 
digested with caustic potash, filtered, and the solution 
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examined for the spectrum of alkaline hsematin, or 
the deposit may be subjected to Teichmann’s test (Ap- 
pendix, 22). To confirm the test, add to the alkaline 
hsematin solution a few drops of sulphide of ammo- 
nium, which converts it into hsemochromogen. The 
spectrum of the latter is identified by its possessing 
two bands — one, narrow and dark, in the yellow be- 
tween D and E ; the other, broader and less dark, at 



Fig. 10. — Microscopical view of vomited matter. 

«, vegetable cells; 6, epithelial cells; c, starch granule; d, oil globule; 
e, muscle fibre ; f, sarcina ventriculi ; g, torula. 

the junction of the yellow and green between the lines 
E and b (Eig. 72, p. 244), - 

3. Microscopical examination (Eig. 10). — 
Take up some of the deposit which adheres to the 
muslin, spread it out on a slide, and examine either 
directly or in a drop of salt solution. 

Various particles derived from the food may be 
recognized — muscle fibres by their transverse striae; 
starch granules by their concentric lines and the fact 
that a drop of very dilute iodine solution turns them 
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blue ; elastic fibres by their double contour and bold 
curves ; fatty 'particles by their high retractility. 

Various vegetable parasites may be present. 
The most important are the sarcina ventriculi (a 
large micrococcus) and the yeast fungi. The former 
can be recognized by their forming small cubical 
packets of cells resembling miniature bales of wool ; 
the latter consist of round or oval cells in chains or 
clusters. They are usually about the size of white 
blood corpuscles. * * 

The addition of a very little dilute iodine solution 
to the vomited matter may render the detection of 
sarcinse more easy. The iodine stains them a deep 
mahogany brown. 

Permanent preparations of these fungi may be 
made by spreading out some of the deposit in a # thin 
layer on a cover-glass and drying over a flame. The 
best stain for sarcinse is an extremely dilute — almost 
transparent — solution of gentian violet. Stain for a 
minute or two. Bismarck brown also gives good 
results ; stain very briefly. For yeasts use a 2-per- 
cent. solution of methylene blue, and stain for half a 
minute. Wash in water in both cases, dry between 
filter-papers, and mount in balsam. 

VI. EXAMINATION OF F2ECES * 

^ 1* Naked - eye n inspection. — The following 
points should be attended to : — 

(а) Amount of the daily stools. 

(б) Their colour, 

(c) Their odour. 

(d) Their consistence and form. 

(e) The presence of any abnormal ingredients. 

* It is often desirable to examine the fasces of a patient upon 
a fixed diet. This may be satisfactorily accomplished by giving 
0*2 grm. of powdered charcoal in a gelatin capsule, or a couple of 
charcoal biscuits, at the beginning and at the end of the diet, and 
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As regards amount, it is usually sufficient to 
state whether tlie stools are copious or scanty. The 
average daily amount of faeces in health is 120-180 
grm. (about 4 oz.). 

The colour of normal faeces is partly due to sterco- 
bilin, partly to chlorophyll and other pigments. A 
mixed diet yields stools varying in colour from light 
to dark brown — being darker with an exclusive meat 
diet, lighter with a milk diet. The presence of un- 
altered bile pigment is always abnormal, and may be 
due to increased rapidity of peristalsis. BlackjjtQjjlfiU 
may be produced by the administration of iron, Jjis- 
muth, or manganese. In haemorrhage high up in the 
intestine the " altered blood makes the stools dark, 
tarry-looking, and very offensive. The blackness due 
to blood may be distinguished from that produced 
by drugs by mixing part of the stool with twice its 
volume of water and allowing it to stand in a glass 
jar. If blood be present the water becomes reddish ; 
under other conditions it remains dark or greenish. 

Pallor of the stools may be due to an obstruction 
to the entrance of bile inter the intestine, as in jaun- 
dice, or to extreme dilution of the stool, as in cholera. 

The odour of the faeces is due to the presence of 
indol and skatol. The intensity of the odour depends 
to a large extent upon the amount of meat ingested. 
The absence of bile seems to favour putrefaction ; 
hence the stools in jaundice are often very offensive. 
Cholera stools, on the other hand, contain very little 

collecting the faeces between the two black stools thus produced. 
Yarious ‘ 4 test diets ” for the investigation of the intestinal functions 
have been proposed, but it is sufficient to make the patient include 
the following substances in the dietary for about forty-eight hours 
before the stool is examined, viz. (1) milk, (2) eggs, (3) meat in 
some form,, (4) farinaceous food, e.g. bread, potatoes, or rice, (5) 
green vegetables and stewed fruit, (6) fats, e.g. butter, bacon-fat, 
ham, etc. The choice and amount of the individual articles may he 
left to the patient’s taste. 
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organic matter, and are almost free from odour. In 
fermentative processes in the intestine the stools may 
have a sour smell. 

The form and consistence of the stools is of 
importance. In obstinate constipation the stools may 
be much drier and harder than normal, and even 
friable. In all forms of diarrhoea they are more fluid 
than normal, and may even be watery. Slimy stools 
are due to the presence of an excess of mucus. 

It is important to note whether the stools are 
formed or fluid. If formed, any abnormality in the 
shape should be noted. The stools of constipation 
have often the form of round balls, frequently coated 
with mucus. In obstruction in the large intestine the 
stools may be ribbon-like. If ascites be present; The 
pressure of the fluid on the bowel often leads to flatten-' 
ing of the faeces. The presence of a rectal polypus 
may produce a groove or furrow along the faecal mass. 

In order to facilitate the detection of abnormal 
ingredients? the stool should be placed on a fine 
sieve, and a large quantity of water added. The whole 
is shaken and stirred up till the soluble parts are all 
washed away. The residue is then examined. 

For the detection of finer particles it is better to 
take a portion of the fseces of about the size of a walnut 
and to rub it up in a paortar with some distilled water 
to the consistence of pea soup. It should then be 
poured into a shallow glass dish with a black back- 
ground against which particles of mucus or of food 
residues are easily seen. 

(rail-stones are easily recognized. It is important 
fco note whether they are faceted or not, for if they 
are, then the stones are multiple. Particles of undi- 
gested food, fruit stones, foreign bodies; concretions— 
3.g. those produced- by magnesia— and parasites should 
dl be looked for. ' : 
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The full consideration of the parasites which may 
be found in the stools is undertaken later. We would 
only mention here that one has often to search stools 
for the head of a tapeworm. The best method of 
procedure in such a case is to add to the stool a con- 
siderable quantity of water containing a little car- 
bolic acid, and to shake the mixture gently for a few 
moments. It is then allowed to stand for about ten 
minutes. The parasite sinks to the bottom, the super- 
natant fluid is poured off, and more water added till * 
the residue is nearly colourless . The parasite will then 
be readily found. The head is only about as large 
as that of a large pin, and the neck about as thick as 
a stout thread. 

Special terms are applied in clinical medicine to 
some particular varieties of stool. 

The bilious stool is well illustrated in the typical 
stool of typhoid fever. Its characters are described 
in the term of “ pea-soup ” stool, usually applied to it. 

Watery stools are found in all cases of colliquative 
diarrhoea, and after the administration of hydragogue 
cathartics. To the stools o‘f cholera the special name 
of rice-water stools is applied. Such a stool is colour- 
less, almost devoid of odour, alkaline in reaction, and 
contains a number of small flocculi consisting of shreds 
of epithelium and particles of ipucus. The name is 
applied to it from its resemblance to the water in which 
rice has beeft boiled. Purulent or pus-containing stools 
are found in severe dysentery or intestinal ulceration, 
or in cases where an abscess has found its way into the 
intestines. Slimy stools are due to the presence of an 
excess of mucus, and point to an affection of the large 
bowel. The mucus may envelop the faecal masses, or 
may be intimately mixed with them. Bloody stools 
vary in - appearance according to the site of the 
haemorrhage. If the bleeding takes place high up, the 



in] EXAMINATION OE E.ECES 99 

stools look like tar, as has been already mentioned. 
In an ordinary intussusception the stools may look 
like red-currant j elly. In those rare cases in which the 
intussusception occurs in the jejunum the appearance 
of the material passed per anum has been compared to 
that of a melted strawberry ice. If the haemorrhage be 
from the large intestine, the blood is less intimately 
mixed with the fsecal matter, and may even be of a 
bright colour. In haemorrhage from the rectum or 
%anus it may merely streak the faecal masses. 

In membranous colitis the motions contain casts of 
the bowel, which are mainly composed of mucin* The 
individual casts vary considerably in size, being 
commonly from 1 in. to 6 in. long, but in exceptional 
cases attaining a length of 1 ft. or more. They vary 
in width from narrow strips to tubes more than 1 in. 
in diameter ; they are sometimes grey and transparent 
like ordinary mucus, at other times they are more 
opaque and resemble the casts formed in the air- 
passages in membranous croup. Sometimes they are 
stained of a brownish-yellow colour from adherent or 
incorporated fsecal matter ; rarely they are red from 
the presence of blood. They are often very abundant, 
and may become agglomerated into irregular masses 
which, when floated on water, can be unravelled into 
their component part$. As a rule the cast is tubular, 
but the wall varies much in thickness, and the lumen 
may be obliterated. If teased out in water one can 
sometimes separate the cast into membranous layers 
between which small particles of fsecal matter may be 
observed. 

These casts, when small, may, on casual observa-- 
tion, be mistaken for segments of tapeworm. On the 
other hand, cases are recorded in which the remains 
of indigestible substances in the food or firm clots 
of curdled milk have been regarded as casts. 
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Chemically, they are mainly composed of a mucin 
body with which small amounts of globulin and other 
albuminoids are associated. The presence of fibrin in 
any quantity appears to be very uncommon, if, indeed, 
it ever occurs.* 

The stools on rare occasions contain intestinal 
sand, which may be of either mineral or vegetable 
origin. The former, which is sometimes called “ true 
sand,” chiefly consists of phosphate of calcium, asso- 
ciated with smaller amounts of carbonate of calcium 
and of silica, around an organic nucleus of animal 
origin. When it is washed and dried it usually pre- 
sents the appearance of ordinary fine sand,£ome of the 
particles being yellowish-brown and others almost 
colourless. On microscopic examination the grains sue 
found to be very varied in shape ; some are oval and 
smooth, others irregular and rough, whilst in structure 
they are granular rather than crystalline. 

When the sand is of vegetable origin it is known as 
“ false sand,” and consists of sclerenchymatous parti- 
cles such as those that are present in pears, bananas, 
and some other fruits. Under the microscope it is 
easy to recognize the nature of the grains, as, after the 
removal of any inorganic incrustation by an acid, the 
thick transparent walls of the woody cells, traversed 
by channels passing between \ he surface and the 
narrow cell-cavities, are clearly visible. 

2. Chemical examination, i. Reaction. — 
If fluid the stool should be well mixed, and if solid a 
small portion rubbed in a mortar with distilled water 
to a soup-like consistency. A drop should then be 
applied with a glass rod to a piece of blue or red litmus 

* If present, fibrin may be demonstrated by fixing and harden- 
ing a small portion of tlie cast with sublimate and alcohol, and, 
sifter preparing a section for the microscope, staining it with 
Ehrlich’s triple stain, when the mucin is coloured green,, whilst 
albumins and fibrin appear red. 
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paper previously moistened. The reaction can easily 
be seen on the other side of the paper. A normal stool 
should be nearly neutral. Marked acidity indicates | 
fermentation ; marked alkalinity, putrefaction. 

ii. Test for bile pigment.— Mix some of the stool 
with a concentrated solution of corrosive sublimate and 
allow it to stand twenty-four hours. A normal stool 
is turned red from the presence of urobilin ; a green 
colour shows unaltered bile pigment. A complete 
absence of either green or red colouring shows the 
absence of bile altogether. 

The tests for bile pigments and urobilin described 
under Urine (pp. 314, 368) may also be performed with 
a semi-fluid mass of faeces and water ; indeed, they are 
preferable. Bile acids, if present, may be obtained by 
extracting the faeces with alcohol, filtering, evaporat- 
ing off the alcohol, and dissolving the residue in dilute 
alkali. Test with* a few drops of cane-sugar solution 
and sulphuric acid; a purple colour indicates the 
presence of cholalic acid (Pettenkofer’s test). See also 
the tests for bile salts in urine (p. 368). 

iii. Test for occult haemorrhage. — Previously to 
carrying out this test the consumption of red meatj 
and green vegetables should be avoided for two orl 
three days. The benzidin test is the simplest and 
most sensitive for Routine use. It is carried out 
as follows: — 

Dissolve a knife-point of pure benzidin in about 2-3 c.c. 
of glacial acetic acid. Grind up a piece of the well-mixed 
stool, of the size of a hazel-nut, with about 2 c.c. of distilled 
water in a mortar, place in a test-tube plugged with cotton- 
wool, and boil for a minute. Dilute the contents with an 
equal quantity of water, and cool. Pour 10-15 drops of the 
benzidin solution into a clean test-tube, add about 6 drops 
of the faeces solution, shake, add 1-3 c.c. of a 3-per-cent, 
solution of hydrogen peroxide, and shake again. If blood , 
be present a blue-green or deep blue colour appears within | 
a couple of minutes. 
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It should be noted that pus, saliva, mucus, aron 
;salts, and iodides may also give a reaction with 
'benzidin. 

The faeces may also be examined for blood by 
suitably diluting and examining spectroscopically 
(see p. 245). 

3. Microscopical examination. — It is best 
to use a low-power objective, preferably about 1^ in. 

Prepare a film as follows ; Remove a portion of the faeces, 
about the size of a split pea, with the end. of a match. Place 
it in the centre of a slide and lay another slide on the top, and 
press the two together. If the stool is very hard, one may soak 
the selected portion in water for a few minutes before preparing 
the film. If liquid, a drop of the sediment may be taken up 
with a pipette, placed on a slide, and covered with a cover-slip . 

The following are the chief constituents of the 
faeces to be looked for : (1) Muscle fibres, (2) connective- 
tissue and elastic fibres, (3) starch granules, (4) veget- 
able detritus, (5) fat, fatty acid crystals and soaps, 

(6) triple phosphate, oxalate and cholesterin crystals, 

(7) mucus, (8) blood, (9) yeasts and other fungi. 

Muscle fibres are easily recognized by their cross- 

striation. If present in large numbers they indicate 
defective intestinal digestion. 

Connective tissue may somewhat resemble mucus, 
but is distinguished by its striation, which disappears 
on the addition of acetic acid, if masses of it be seen, 
defective gastric digestion may be inferred. Elastic 
fibres have no significance. 

Starch granules are readily detected if a drop of 
iodine solution be added. Their presence in excess * 
is pathological, and such a stool is usually marked 
by acid and often shows signs of fermentation (gas 
bubbles) and the presence of yeasts. 

* Experience alone can tell what constitutes an excess of starch 
granules in the fseces. 
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Detritus derived from vegetables and fruits is 
easily identified by its areolar tissue, spiral ducts, 
vascular bundles, and pigment cells. 

Neutral fat occurs as colourless, highly retractile 
droplets, or as bile-stained irregular masses which’ stain 
with Sudan III. and are soluble in ether. 

Fatty acids occur as sheaves of colourless acicular 
crystals which dissolve on warming or in ether. 

Soaps occur as greasy-looking amorphous masses, 
or as needles which are shorter and thicker than those 
of fatty acids. They dissolve on warming, but not in 
ether. On heating the slide with a drop of acetic acid, 
crystals of fatty acid will be seen to separate out. 

A simple way of distinguishing fats horn mucus or 
vegetable material is to press down the cover-slip. If 
the material be fat the slip remains down ; if vegetable 
detritus or mucus, it springs back when the pressure is 
released, and air rushes in from all round. 

Normally, fat in the fseces is almost entirely in the 
form of amorphous masses of soap ; less often as 
crystals. Neutral fat should be practically absent. 

Triple phosphate crystals (Fig. 97, p. 385) are 
always present in normal fseces and never coloured 
by bile. Oxalate crystals are generally found as well, 
especially when much vegetable food is taken. Chole- 
sterin crystals may also be found in normal fseces. 

Mucus occurs as transparent blobs or shreds, 
sometimes bile-stained. It is always pathological, 
and, if it contains numerous leucocytes or epithelial 
cells, is conclusive evidence of intestinal catarrh. 

VII. INTESTINAL PARASITES 

The parasites which occur in the intestinal tract 
include worms and protozoa. The worms belong 
either to the nematoda or to the flat worms, the 
latter group containing the cestoda, which are fairly 
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common, and the flukes, which, in Europe at least, 
are by no means ordinarily found in man. 

A. Nematoda 

1. Perhaps the commonest of all internal parasites 


1 2 



Fig. 11. — Oxyuris 
vermicularis. 

], female ; 2, male. 

Nat. size. (Aj'tar 
Payne.) 

is the small thread- 
worm, Oxyuris ver- 
xnicularf s, whose pre- 
sence is associated with 
considerable itching 
about the anus. It 
inhabits the large in- 
testines, caecum, and 
vermiform appendix, 
and specimens can 
often be seen wriggling 
about in the recently 
passed motions of their 
host. To the naked 
eye they look like small 
white threads, £-1 cm. 
in length. Under the 
microscope the female 
may, be distinguished 
by the large uterus 



Fig. 12. — Oxyuris vermicularis. 
a, young female; 5, male; c, mature 
female. Magnified. (After Payne.) 
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Fig. 13.— Ankylostoma 
duodenale. 
fljnilp ; 6, fpmale. Nat. 
size. (AJtrr Pan nr.) 


filled with ova, and the pointed 
posterior end, whence its name is 
derived (Mgs. 11, 12, 17, a). 

2. Ascaris lumbricoides has 
a general resem- 
blance to an earth- 
worm. It measures, 
as a rule, from 6 to 8 
in., and sometimes 
considerably e x - 
ceeds this length. Not infrequently 
its presence in children is associated 
with nervous disorders. The ova, 
which can occasionally be found in 
the dejecta, have brownish-yellow 
, granular contents, and in many cases 
the shell is surrounded by an irregular 
albuminous sheath (Fig. 17, b). 

3. Ascaris mystax, a closely 
allied worm, is sometimes parasitic 
in children ; the infection is got from 
cats. 

4. An ky I os to mu in duodenale, 

is a parasite whose presence is 
fraught with much greater risk to 
the host than that of those already 
mentioned, as it Causes profound 
anaemia by drawing blood from the 
wall of the bowel. It lives for the 
most t part in the upper part of the 
jejunum, and its existence there is 
rendered probable when, in an in- 
fested district, severe ansemia, other- 
wise inexplicable, sets in. The diag- Fig. 14. — Ankyios- 
nosis is clinched by the discovery of 
They exhibit a 


ova in the motions. 
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segmented yolk enclosed in a thin shell, and are 
sufficiently numerous to be readily detected. The 
adult worm, which is but rarely seen before thera- 
peutic agents have been employed, is about half an 



Fig. 15. — Trichocephalus dispar. 

a, female ; 6, male. Nat. size. (After Payne.) 


inch long, and the 
mouth is provided 
with four claw-like 
teeth. The male is 
distinguished by its 
lobed caudal bursa. 
(Eigs. 13, 14.) 

5. Trichoce- 
phalus dispar is, 


perhaps, a commoner parasite than might be sus- 
pected ; its presence does not seem to cause any very 
serious inconvenience. The length of the worm is 
under 2 in., its colour is white ; the anterior portion 
is much narrower than the posterior, and is buried in 
the mucosa of the csecum. The ova are very charac- 
teristic, and when present are readily recognized. 
(Eigs. 15, 17, c.) 

6. Trichina spiralis occurs in the alimentary 
canal in the sexually mature state. The striped 
muscles are the habitat of the embryonic form, and 
when much affected they may become shortened. 
This is well seen in the biceps, where the contraction 
induces a very typical flexion of the forearm. The 
adult male measures 1*5 mm. in length ; the female, 
which is viviparous, is about twice as long. 


B. Cestoda 


Many different kinds of tapeworm have been found 
as parasites in man, but those of most importance are 
Tania solium, T. mediocanellaia, and T. echinococcus . 
Tania cucumerina is also occasionally found in chil- 
dren. Besides its occurrence in the fully developed 
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state, T . solium may be present in the tissues, in the 
form of a cysticereus ; T. mediocanellata is almost 
never found in this condition in man ; whilst T. 



Fig. 16. — Gestoda. 

«, bead of Taenia solium, x 10; a\ mature segment of do., nat size ; b, bead 
of T. saginata, x 10 ; b r , mature segment of do , nat size ; c, bead of 
Bothriocephalus latus, x 10 ; c r , mature segment of do., nat. size ; d , bead 
of T. cucumerina, X 10 ; d r , mature segment of do., nat. size : e, T. 
echinococcus, x 10 ; /, hydatid scolex (mvaginated), x 250 ; g, hydatid 
booklets, x 250 ; h, hydatid membrane (ectocvst), x 250; i, hooklet 
from cysticereus, x 25. 


echinococcus always occurs in the cystic stage, and has 
never been found in the mature condition in the 
human intestinal tract. (Pig. 16.) 

The presence of an adult tapeworm in the bowel is 
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generally revealed by the passage of ripe proglottides 
in tbe stools, and after the administration of anthel- 
mintics the head may be detected by the methods 
previously described. 

1. Taenia solium (Figs. 16, a, a', 17, d). — T he 
mature worm measures 2 or 3 yards in length ; a' ripe 
proglottis is about 10 mm. long, and 6 mm. broad, 
with the sexual opening placed laterally : the uterus 
is coarsely branched. The head, whose size is about 
the same as the head of a large ordinary pin, has four 
suckers, often pigmented, and a small rostellum, with a 
ring of 20 to 30 booklets. The ova, which are nearly 
spherical, are readily recognized by their thick shell, 
with radiating striations. Inside the ovum, when 
mature, the six booklets of the embryo may be visible. 

The cysticercus varies in size according to its situ- 
ation, but never attains anything approaching the mag- 
nitude of an echinococcus cyst. The vesicle contains 
one head only, whence the adult worm is developed. 

2. T. mediocanellata (saginata) is larger 
than T, solium , and attains a length of 5-9 yards. 
The ripe proglottides measure 16 mm. in length, by 
5 mm. in breadth, but immature segments are broader 
than they are long. Very often they exhibit move- 
ments after they have been detached from the stro- 
bilus and have passed from th# bowel. The sexual 
opening is lateral, and the uterus is finely ramified, 
with frequent dichotomous divisions of the primary 
branches. The head is rather square in outline, and 
is larger than that of T. solium . It has four suckers, 
but is devoid of hooklets. The ova closely resemble 
those of Y. solium , but are slightly longer in propor- 
tion to their breadth (Figs. 16, b , b \ 17, e). 

3. T. echinococcus. — The adult worm, which 
consists of a head and three segments, and whose 
length is only 4 or 5 mm., need not be fully described, 
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since it is not found in man. The cystic stage is very 
important, as it gives rise to serious disease in many 
K of the viscera, and especially in the liver.* The cysts 
I of this taenia are not simple, hut produce, from their 
dinner surface, one or two generations of secondary 
vesicles, on which the brood-capsules, containing the 
cestode heads, are formed. During the period in 
which this process is going on, the primary vesicle 
dilates to accommodate its increasing contents, and 
may eventually reach the size of a coco-nut. The 
vesicles may rupture spontaneously and their contents 
may escape by the lungs, by the bowel, or by the 
urinary passages, or specimens may be obtained by 
aspiration, or after surgical interference. In a case 
of suspected hydatid disease one may require to found 
the diagnosis either on the chemical nature of the 
fluid withdrawn, or on the recognition of hooklets or 
scolices. or on the appearance of the ectocyst, portions 
of which are sometimes discharged, especially when 
the cyst has opened into the lungs and bronchi (Fig. 
16, e, /, g, h).. 

The fluid is clear, alkaline, devoid of albumin, and 
contains abundance of sodium chloride and traces of 
glucose. Its density is low, being generally under 
1010. The appearance of echinococcus booklets is 
shown in Fig. 16, g , y The scolex y if it is obtained in 
a perfect condition, is about 1-1 j mm. in diameter, 
and a number of them often spring in a group from 
one brood-capsule. They have four suckers and ‘a 
crown of hooklets. Portions of the ectocyst appear as 
whitish-yellow shreds, which can be recognized under 
the microscope ( x 250 diam.) by their la min ation, and 
by the pectinate markings on the laminae (Fig. 16, h). 

* The so-called “ hydatid thrill” is described elsewhere (p. 64). 
It may occur where there are no daughter cysts, and it may be 
absent when daughter cysts occur. 




Fig. 17. — Ova of entozoa, x 350. {After Hiller.) 
a, Oxyuris vermieularis ; b. Asoaris lumbricoides ; c, Trichocepbalus dispar ; 
d, Tasnia solium; e, T’jenia mediocanellata; e, Botbriocepbalus latus ; 
a, Distdma bepaticum ; H» Distoma lauceolatum. 

parts of Europe. The appearance of the head and of 
a inature segment of each is shown in Fig. 1 6, d> d\ c, c\ 
and the ovum of B. latus in Fig. 17, f. 
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C. Trematoda 

1. Distoma liepaticuni (Fig. 17, g) is rather 
rare as a human parasite. When it does occur, the 
ova may be found in the faeces, and are recognized by 
their brown colour, and by the presence of an oper- 
culum at one pole. The adult fluke is leaf-shaped, and 
measures about 25 mm. by 12 mm. 



Fig. 18. — Amoeba dysenteric. 

a, A. dysenteric fixed and stained [Councilman ) ; 6, A. dysenteric in stools. 

[After Lo'schp “ Virchows Arcliiv Bd. 65.; 

2. IMstoma lauceolatum (Fig. 17, h) is con- 
siderably smaller, and is narrower in proportion to 
its length. The ova are similar to those of D. heya- 
ticum, but smaller. 

D. Protozoa 

A number of protozoa, including members both of 
the Rhizopoda and of the Infusoria, have been found 
in the fseces. The only ones of undoubted clinical 
importance are the amoebae, which are the cause 
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of many cases of tropical dysentery and also of 
tropical abscess of .the liver. Two main types 
are recognized, namely, Entamoeba tetragena and E. 
histolytica. Their relative frequency is variously 
estimated by different observers. (Fig. 18.) 

It should be recollected that many cases of 
dysentery are not amoebic but are caused by bacteria 
(Shiga’s bacillus and Flexner’s bacilli). 

When in a state of activity amoebae vary in form, 
and throw out pseudopodia, which are thick and few 
in number ; usually only one or two are present. The 
division of the two plasma layers is indistinct and the 
ectoplasm is small in amount. At rest* they become 
spherical, measure on an average 12-35 fi in diameter, 
and generally exhibit a nucleus. The resting condi- 
tion is ! that in which they are usually found in the 
faeces, When they are recognized by their high retrac- 
tility and their, greenish tint. For careful examin- 
ation, a portion of the dejecta should be hardened in 
Muller’s fluid, and subsequently cut and stained like 
sections of tissues ; or cover-glasses, smeared with a 
thin film of the faecal material, can be prepared and 
fixed with corrosive sublimate. The specimen should 
be stained with methylene blue. The amoeba is most 
easily detected in the little masses of mucus which 
occur in the stool, and attention should always be 
carefully directed to these. ‘$ r hen the motion is 
pultaceous the addition of warm solution of sodium 
chloride will be found to facilitate the preparation of 
a suitable film, in which the organisms may be seen 
moving about if care be taken to maintain the slide 
at the temperature of the body. It the motion is a 
formed one the mucus adhering to its surface should 
be exclusively examined. Care should be taken to 
prevent the admixture, of urine .with the stool, as 
this interferes with the motility of the organism. - 



CHAPTER IV 

THE CIRCULATORY SYSTEM 
I. ANATOMY 

This system, is composed of two main elements, 
the lieart and tlie blood-vessels, and these are for the 
most part dealt with separately, although, when the 
chest is exposed for the examination of the heart, 
the vessels in the thorax and at the root of the 
neck are more conveniently examined along with it. 
(See Plate 1.) 

The heart lies obliquely in the thorax, being in- 
clined from above downwards, forwards, and to the 
left. Two-thirds of it lie to the left of the middle line. 
The part which reaches highest in the thorax is the 
left auricular appendix [left auricle], which in the 
cadaver extends as far up as the 2nd left costal 
cartilage. During life it is usually opposite the 2nd 
interspace or lower border of the 2nd cartilage, as the 
diaphragm then occupies a lower level. The greater 
portion, however, of the left auricle [atrium] lies 
posteriorly, and constitutes the hindmost cavity of 
the heart. * 

The right auricle [atrium] is the chamber that 
lies most to the right. It extends somewhat beyond 
the right margin of the sternum, and its border may 
be traced by a curved line joining the 3rd and 7th 
right chondro - sternal [sterno-costal] articulations, 
and reaching about 1 in. to the right of the sternum. 

The right ventricle occupies the great portion of 
the front of the heart. Its inferior margin extends 
from the 7th right chondro-sternal [sterno-costal] 

I 113 



Ill CIRCULATORY SYSTEM [chap. 

articulation to the apex, and constitutes the lower 
border of the heart. 

The left ventricle only appears in front as a narrow 
strip, scarcely \ in. broad, and its outline completes 
that of the heart on the left, where its border forms a 
curved line, ascending from the apex to the lower 
margin of the 2nd left interspace at a point just 
internal to the parasternal line. The topographical 
anatomy of the valves of the heart and of the great 
vessels will be discussed in connection with ausculta- 
tion, as it is in this department that a knowledge of 
their situation is most necessary (pp. 156-58). 

The most important organs which come into rela- 
tion with the heart are the lungs on either side, the 
liver below, and the great vessels above. - A small por- 
tion of the anterior surface is only separated from the 
thoracic wall by the anterior mediastinum, whilst 
behind, the heart is in relation with the structures 
that occupy the posterior mediastinum. 

That portion of the anterior aspect of the chest 
which overlies the heart is known as the prae cordial 
region. 

It is often necessary to define the exact situation 
of a point on the front of the thorax, and certain 
landmarks, some natural and some artificial, are 
commonly made use of for this purpose. 

The ril>s and interspaces on either side form 
convenient horizontal landmarks. In order to count 
them, one must feel for the ridge which marks the junc- 
tion of the manubrium with the body of the sternum, 
known as the angle of Louis,* or sternal angle. When 
this has been found, by running the finger outwards 
it reaches the 2nd costal cartilage, which articulates 
with the sternum at this level. It is then easy to 
reckon upwards or downwards to the other ribs. The 
* Angulus Ludovici. 
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determination of the 1st rib directly is neither so easy 
nor so certain, since it is overlapped by the clavicle. 

In order to define the distance of any given point 
from the mesial sagittal plane of the body, a series of 
vertical lines is imagined to be drawn on the chest. 
These are the mid sternal and lateral sternal 
lines, drawn down the middle and either border of 
the sternum ; the mammary line, best defined, 
since the situation of the nipple is inconstant,* as the 
vertical line dropped from the centre of the clavicle, 
or, what amounts to the same thing, the line midway 
between the middle of the suprasternal notch [incisura 
jugularis] and the tip of the acromion; the paraster- 
nal line, midway between the lateral sternal and 
mammary lines ; the anterior, micl-, and posterior 
axillary lines, descending from the anterior border, 
the centre, and the posterior border, respectively, of 
the axilla ; and the scapular line, which is defined 
as the vertical line drawn through the inferior angle 
of the scapula. 

The methods commonly employed in the examina- 
tion of the heart are inspection, palpation, percussion, 
and auscultation. These will be taken up consecu- 
tively, although in practice inspection and palpation 
are often advantageously combined. 


II. ^INSPECTION 
Inspection determines — 

(A) Form— 

2. Of surrounding parts (especially bulging). 

(B) Movements- Apex beat. 

T -r , . Diffuse pulsation. 

I. In prascordial region- Pu i satio £ at base of heart 

' 1 Local indrawing. 

* The ordinary situation of the nipple in an adult male of 

Placed iU the 4th interOOStal space ’ 
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Pulsations at root of neck. 

2. Outside prascordial region - „ in thorax. 

{ „ in epigastrium. 

(0) Dilated veins and venules, 

Eor inspection of the chest, the patient should be 
stripped to the waist, and set in a good light, either 
sitting up or lying on his back. The observer should 
directly face him, but must be careful not to obstruct 
the light. In some cases the observer may with advan- 
tage take up a position at the top of the bed, and lower 
his head until he looks along the chest tangentially. 
By this manoeuvre he will be able to study various 
pulsations with great facility. 

The following points must then be systematically 
noted : — 

1. The shape of the praecordia. 

2. Pulsations in the praecordial region. 

3. Bulging or pulsation outside the praecordia, 

either at-the root of the neck, or the front 
of the chest, or the epigastrium. 

4. The presence or absence of distended veins 

on the chest wall or in the neck. 

1. The shape of the praecordia. — In health 
the chest is bilaterally symmetrical, and there is no 
greater prominence on the left ^de than on the corre- 
sponding area of the right. When the right pectoral 
muscles are exceptionally well developed, the prae- 
cordia may be less prominent than the right side of 
the chest, y 

In cases where the praecordial area is prominent, 
it must be remembered that other conditions than 
disease of the heart may have caused the projection, 
whilst it is equally to be observed that serious disease 
of the heart is comparatively seldom accompanied 
by bulging of the praecordia unless it had already 
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manifested itself when tlie patient was young and the 
bones were incompletely ossified. 

Should prominence be observed, note whether the 
ribs are involved, or whether the intercostal spaces 
alone bulge. The latter condition occurs in pericarditis 
with effusion. Prominence of the praecordja may be 
due to disease in the framework of the thorax, such as 
scoliosis, parietal tumour, or abscess, or to a diseased 
condition of the thoracic contents, such as cancer of 
the lung or effusion into the pleural cavity, mediastinal 
tumour, fluid in the pericardium, enlargement of the 
heart, especially if it occur in early fife, and aneurysm 
behind or above the heart. 

Flattening of the praecordia may be congenital ; 
it may mark the former occurrence of pericarditis ; 
it may be due to retraction of the lung ; and in some 
instances, particularly in certain trades, it may be the 
result of pressure. 

2. Pulsations In Hie prsecordial region. — 

Besides the movement of respiration, which affects the 
prsecordia with the rest of the chest, an impulse which 
occurs three or four times to each respiration is 
generally seen in the lowest and leftmost part of that 
region. 

This pulsation is called the apex beat of the 
heart, and in health usually exhibits the following 
characters : — 

(1) It is found in the 5th left intercostal space. 

(2) It is limited to an area less than an inch in 
breadth, and is only visible in one interspace. 

(3) It is situated outside the left parasternal line, 
and inside the left mammary line. 

# (4) It is due to the impact on the chest wall of the 
apical segment of the heart ; and for clinical purposes 
th6 actual apex of the heart may be assumed to be 
situated at the lowest and leftmost part of the 
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above area of direct pulsation, although it may really 
be slightly lower down and farther out, under cover 
of a rib. 

The apex beat may be abnormal in force, in posi- 
tion, or in extent. Even in perfect health, if the 
chest is well clothed, and the apex lies behind a rib, 
it may be quite invisible. Disappearance) therefore, 
of the apex beat is not to be regarded as necessarily 
indicative of disease, though it must not be forgotten 
that it is in cases of weak action of the heart that it 
is most frequently absent or diminished in force. 
When abolished, its place may be taken by a more 
diffuse impulse over the lower part of the prsecordial 
area, in cases where the apex is pushed away from the 
chest wall by a dilated right ventricle, or when peri- 
cardial effusion separates the heart from the front of 
the thorax. On the other hand, the apex beat may 
appear to be more forcible than usual in cases where 
the heart’s action is excited, where the chest wall is 
thin, or where the left ventricle is hypertrophied. 
Such changes are more accurately observed by palpa- 
tion, and will be discussed under that head. 

The position of the apex beat may be altered in 
three classes of cases. The cause may be (a) congenital , 
where the heart is reversed so that the apex lies to 
the right (« dextrocardia ), or where, other developmental 
anomalies are present. The displacement of the apex 
beat may be due to (b) extrinsic causes, where the heart 
is displaced by diseased conditions of surrounding 
viscera which push or pull it from its usual site. 
Instances of this are found in pleurisy with effusion, 
in abdominal tumours, and in retraction of a lung. 

Where the heart is pushed over to the right by a 
left pneumothorax, or pleuritic effusion, the pulsation 
which is conspicuous to the right-hand side of the 
sternum is not that of the apex, which is usually lying 
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somewhere behind the bone, but is due to pulsation 
of the right ventricle and auricle [atrium]. 

Again, the displacement may result from (c) dis- 
ease of the heart or pericardium. The apex beat is dis- 
placed mostly outwards when the heart is dilated; 
doivmoards and outivards when the left ventricle is 
hypertrophied ; and often upwards when fluid is 
present in the pericardial sac. 



Fig. 19. — The heart in an infant. {After Symington.) 


In addition to these causes, it should be remem- 
bered that the positfbn of the apex beat varies con- 
siderably with the patient’s age ; in children it is 
usually as high as the 4th interspace * (Fig. 19) ; in 
the aged it descends as low as the 6th. 

In certain cases the apex beat is replaced by an in- 
drawing of the same area during cardiac systole. This, 
when it is marked in degree, and when it appears 
over an extensive area of the lower segment of the 

* Even in young children, although the apex beat is seen in 
the^ 4th interspace, the actual apex lies lower down — usually 
behind the 5th rib. 
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prsecordia, suggests pericardial adhesion. When only 
slightly visible and limited to the apex, it is of no 
great consequence. 

The extent of the apex beat is increased in cases 
where the heart is hypertrophied. This condition 
must not be confused with diffuse pulsation over the 
praecordia. Doubling of the apex beat sometimes 
occurs, and may be due to various causes, of which 
the most important are alternate systole of the right 
and left heart, and hemisystole. 

The consideration of other pulsations which may 
be visible in the praecordial region must next be under- 
taken. Allusion has already been made to the diffuse 
pulsation which occurs when the right ventricle is 
dilated and hypertrophied, and which in these circum- 
stances is visible over the lower part of the area in 
several of the intercostal spaces, and nearer the middle 
line than the normal apex beat. 

Pulsation is also seen at times in the 2nd left 
intercostal space. It may arise either in the pul- 
monary artery, which lies half under cover of the left 
side of the sternum, and half under the inner end of 
this interspace, or in the left auricular ■ appendix 
[auricle]. In the former case it follows the apex 
beat and marks the closure of the pulmonary valves ; 
in the latter case, which is not common, it imme- 
diately precedes the apex beat. 

In chests which have thin parietes, and especially 
when, in addition, the left lung is retracted from 
phthisis or other disease, pulsation of a diffuse nature 
can be observed over most of the interspaces of the 
prsecordial region, as well as at the apex. In these 
cases the apex beat still causes a limited area of the 
chest wall between the left parasternal and mammary 
lines to bulge forward with each beat of the heart, 
whilst the diffuse pulsation which is caused by the 



INSPECTION - 


131 


iv] 


systole of tlie right ventricle is associated with in- 
drawing of some portion of the intercostal spaces. 
This retraction, accompanied by a normal apex beat, 
and not confined to the lower preecordial segment, must 
not be confused with the systolic indrawing already 
described as characteristic of pericardial adhesion. 

3. Pulsations outside the praecordia. — In 
addition to the pulsations already described, move- 
ments should be looked for at the root of the neck, 
the front of the chest, and the epigastrium. 

At the root of the neck pulsation may occur 
either in the episternal [jugular] notch or externally 
to the sterno-mastoid. 

In the episternal [jugular] notch the pulsation is 
usually systolic in time, and when well marked is 
generally an indication of dilatation or aneurysm of the 
transverse portion of the arch of the aorta. Less 
commonly it is due to a thyroidea ima artery of con- 
siderable size, or to an abnormal origin of the right 
subclavian from a point to the left of the middle line. 
Palpation generally enables these conditions to be 
discriminated. Pulsation here and in the carotids is 
not uncommonly seen in cases of chlorosis and in other 
forms of anaemia. 

Outside the sterno-mastoid various pulsations 
may be observed. J'hese may be either arterial or 
venous. The carotids pulsate visibly on exertion ; 
from mental excitement ; in diseases which cause 
excitement of the circulatory system, such as ex- 
ophthalmic goitre; in cases of hypertrophy of the 
left ventricle, especially when associated with aortic 
incompetence ; and in aneurysm of the artery. 

The jugular veins may exhibit undulation or puls- 
ation. Tins is usually caused either by overfilling of 
the veins when the right auricle [atrium] is distended 
with blood, or by actual regurgitation through an 
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incompetent tricuspid valve. It will be discussed 
under the head of Venous Pulse (p. 205). 

In the thorax, besides the pulsations referred to as 
occurring in the prsecordial region, a diastolic pulsation 
may occasionally be observed in the 2nd right inter- 
costal space, and results from the closure of the aortic 
valves. An important source of pulsation in unusual 
parts of the thorax is aneurysm of the aorta. Such 
aneurysmal pulsations always manifest themselves at 
first above the level of the 4th rib, though at a later 
period they may affect a very considerable portion of 
the chest wall. The position of the impulse varies 
accor din g to the part of the aorta which is diseased. 
If the ascending aorta be affected, the pulsation is 
chiefly to the right of the sternum, whilst the transverse 
aorta gives rise to pulsation under the manubrium 
sterni, and the descending aorta still more to the left. 
Aneurysm of the innominate may project far into the 
neck. The time of this pulsation is systolic, following 
immediately on the apex beat, and it may be observed 
to Be expansile in character. The pulsation will, of 
course, be much earlier manifest when the vessel lies 
behind soft parts than when it is covered by bone. 

Pulsating empyema may be present ; it generally 
occupies the prsecordial area from which the heart is 
more or less displaced, and malignant tumours with a 
large blood supply may also give rise to pulsation in 
the part of the chest wall that overlies them. 

Sir J. Broadbent has pointed out that marked 
systolic retraction of some of the lower ribs on 
the lateral and posterior aspects of the thorax may 
occur as a result of extensive pericarditic adhesion, 
involving not only the central tendon, but also the 
muscular part of the diaphragm on the one hand, 
and the interior wall of the thorax on the other. It 
usually occurs on the left side. 
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In the epigastrium there may be several kinds of 
pulsation. The first thing to be determined is whether 
it is strictly systolic , coinciding exactly with the apex 
beat, or whether the pulsation is slightly delayed , so as 
to appear just after the apex beat has occurred. 

In the former case the pulsation is caused by a 
dilated and hypertrophied right ventricle, which either 
conveys its impact directly to the parietes, or does so 
indirectly by exercising a thrust upon the liver, or else 
it is due to the apex beat of a heart displaced to the 
right by some diseased condition, of which the most 
important are left-sided pleurisy and pneumothorax. 

In the case of delayed pulsation, the cause may be 
arterial. The existence of an aneurysm of the abdo- 
minal aorta would produce such an effect. More com- 
monly, however, the condition is simply neurotic ; 
whilst in other instances the pulsation of a normal 
abdominal aorta is conveyed to the surface either by 
the liver or by an abdominal tumour, such as pyloric 
cancer, which lies in front of it. (See also p. 58.) 

# In cases of regurgitation from the right heart, puls- 
ation also occurs just after the apex beat, and is due 
to a distensile pulsation of the liver itself from the 
back flow of blood into the hepatic veins. It should 
be observed, however, that distensile pulsation of the 
liver is by no rnean^ a common condition, and does 
not occur in all cases of tricuspid regurgitation. 

It is comparatively rare to observe a systolic de- 
gression of the epigastrium . If well marked, it would 
probably indicate adhesions resulting from an old 
pericarditis. 

In order to observe with greater facility the char- 
acters and time relations of these various pulsations, 
one can employ small flags, made as light as possible 
and attached to the various areas of the chest wall. 
To determine whether a pulsation is expansile, place 
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one of these flags on either side of the tumour. If it 
be expansile their free extremities will recede from 
each other as the tumour fills. If it is desired to time 
the occurrence of two pulsations, after fixing a flag on 
the point where each occurs, one may take up a posi- 
tion in which they are as nearly in line as possible. It 
is then quite easy to determine which of them begins 
to move first. 

Flags can readily be improvised by taking a piece 
of straw or a bristle about 3 in. long, fixing a fragment 
of g umm ed paper to one end, and surrounding the 
other with a pellet of modeller’s wax or stiff ointment 
which will adhere with sufficient tenacity to the skin. 
Other and more primitive methods may also be used, 
such as passing a pin through a piece of adhesive 
plaster, with the head to the sticky side, and fixing it 
on the chest, or affixing little cones of cotton-wool to 
the points in question by means of vaseline. 

4. Conspicuous veins. — The veins of the tho- 
racic wall may be unduly conspicuous. This occurs 

(a) when the patient’s skin is unusually transparent ; 

(b) when the patient has been undergoing considerable 
exertion, especially when the effort is of such a kind 
(e.g. playing a wind instrument) as to throw a strain 
on the respiratory system ; (c) when intrathoracic 
tumours impede the return of t blood to the heart ; 
(d) when the action of the right side of the heart is 
laboured ; (a) when, in consequence of portal obstruc- 
tion or of blockage of the inferior caval system, the 
blood returning from the abdominal viscera or lower 
limbs is forced to find its way through collateral 
channels. 

In a number of instances, where the right side of 
the heart is slightly overworked, a belt of dilated 
capillaries appears along the line of attachment of the 
diaphragm 
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III. PALPATION * 


Palpation determines — 

(A) Form of praecordia, etc, [Confirms or modifies results 

of inspection.] 

(B) Movements— 


(a) Apex beat *| Character. 

(b) Other praecordial pulsations. 


(c) Pulsations outside praecordia 


f Heaving. 

( Expansile. 


(C) Vibrations- 


(a) Originating within the heart and blood-vessels. 

(Thrills.) 

(5) Originating exocardially. (Friction.) 

By palpation the observer not only confirms the 
facts determined by inspection and adds to their pre- 
cision, but is also able to detect movements and vibra- 
tions which are too slight to be noted by the eye alone. 
Bor palpation the patient should be placed in an atti- 
tude which he finds easy to maintain, since the exertion 
which a constrained position demands is certain to 
increase the observer’s difficulties. If the patient is 
lying down, care must be taken to keep him on his 
back. By turning to his left side he will produce a 
very material alteration in the position of the apex 
beat, which is thereby displaced outwards towards the 
axilla «; whilst if he lie on his right side the apex of the 
heart may recede frop the chest wall, and an impulse, 
which in the more favourable dorsal attitude would be 
easily felt, may entirely disappear. 

The position of the observer is almost as important 
as that of the patient. Bor the examination of tie 
prsecordia he should stand or sit at the top of the 
bed, on the right-hand side. He should then place his 
right hand, which must, be thoroughly warm, on the 
patient’s chest, so that the palm lies over the base of 


* The study of the pulse, which also belongs to this depart- 
ment, is for convenience placed by itself in another section. 
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the heart, whilst the fingers are directed towards its 
apes. To begin with, the whole palm of the hand 
should be in contact with the chest wall, and care must 
be taken not to dig the finger-tips into the intercostal 
spaces, as this causes discomfort, and may thereby 
interfere with the subsequent observations. 

When pulsation is detected over any part of the 
region under examination, its exact localization is best 
determined by the pulp of the fingers. 

The first pulsation to attract attention is that due 
to the apex beat. Not infrequently the fingers will 
determine that this is really farther from the middle 
line than inspection would have led one to suppose. 
In such a case that point is to be taken as the cardiac 
apex which is the leftmost and lowest where the finger 
is distinctly forced up with each beat of the heart. 
The sensation of a thrust from below raising the finger 
is important, because in not a few cases where the 
heart is acting forcibly it communicates some vibra- 
tion to portions of the chest wall considerably beyond 
those which actually he above it. 

The observer, having thus determined the site of 
the apex beat, must study its extent and character. 
As has been previously stated (p. 117), it lies in health 
well outside the left parasternal fine, but never beyond 
the left mammary line, is as a rule confined to one 
interspace, and seldom can be seen over an area of 
more than 1 in. in diameter. These points will now 
be carefully examined by palpation, and any deviation 
from them noted. In addition, however, an estimate 
must be made of the energy with which the heart is act- 
ing, and the apex beat may be found to differ from the 
normal — and this can only be recognized by continued 
practice at the bedside — in possessing a “heaving” 
character in cases where the left ventricle is hyper- 
trophied, a sharp slapping impact where there is irrita- 
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bility of the heart, or, on the other hand, a feeble or 
almost imperceptible tap when the heart is fatty, or 
exhausted towards the end of an acute fever. 

When the pulsation of the apex of the heart is so 
feeble as to be imperceptible when the patient is lying 
down, it often becomes quite distinct if he sits up, and 
still more so if he leans forward. If, however, these 
postures are uncomfortable for a patient who is 
seriously ill, it is better to forgo such advantages as 
they afford than to fatigue one whose strength is 
already taxed to the utmost. The chief causes of 
impalpable apex beat are (a) a thick chest wall, ( b ) a 
feeble heart, and (c) emphysema of the lungs. 

When analysed, the varying characters of the beat 
will be found, after due allowance has been made for 
the thickness of the chest wall and intervening lung, 
to depend upon the force with which the palpating 
finger is driven upwards, and upon the celerity and 
amplitude of the movement of the cardiac apex as it 
approaches the front of the thorax at each ventricular 
systole. A shock or “ jog ” is sometimes felt at the 
apex in consequence of sharp closure of the pulmonary 
and aortic cusps. 

In addition to pulsation, vibrations may some- 
times be observed at or near the cardiac apex. Such 
vibrations are termed thrills. 

The time of their occurrence in relation to the apex 
beat must be determined. When they commence 
with the apex beat and continue during the period of 
ventricular contraction, they are termed systolic ; if 
they are felt whilst the ventricles are relaxed, they are 
termed diastolic; if they occur near the close of 
diastole, when, though the ventricles are still relaxed, 
the auricles have entered upon systole, and run up to 
the apex beat, they are termed presystolic. 

These thrills may be due either to valvular disease, 



to pericardial friction, or to friction resulting from 
pleurisy over that part of the left lung which lies m _ 
front of the heart. The thrills due to valvular disease 
will exhibit a more definite relation to the apex heat, 
both in point of time and in situation of maximum in- 
tensity, than those whose origin is exocardial. A sys- 
tolic thrill, best felt at the apex, may indicate mitral 
regurgitation, though in some cases the thrill of aortic 
obstruction is very distinctly felt in this area. A 
diastolic, and still more a presystolic thrill, when it is 
best felt at or just internally to the apex beat, is so 
characteristic of mitral obstruction that, if it is clearly 
present, one may with a high degree of probability 
assume that lesion to exist, even in the absence of all 
other signs and symptoms. 

Pericardial or pleural thrills will be readily recog- 
nized as such when the patient is auscultated ( see 
p. 178). They are generally to and fro in character, 
and are always audible as well as palpable. Pulsa- 
tion and thrill may be detected over the right side of 
the heart when its chambers are dilated and hyper- 
trophied, ox when its valves are diseased. 

Over the second left interspace pulsation ot 
the pulmonary artery, sometimes systolic, some- 
times diastolic (see p. 120), and of the left auricle 
[atrium], always presystolic, must be sought for ; and 
a thrill may not rarely be detected in the pulmonary 
artery in certain diseases, especially in exophthalmic 
goitre (see further under Auscultation, p. 172). 

Over the aorta, where it approaches the front of 
the thorax near the sternum in the 2nd right inter- 
space and behind the 2nd right costal cartilage, pulsa- 
tions or thrills may also be detected, while in cases of 
aneurysm of the root of the vessel or of the ascend- 
ing part of its arch a characteristic expansile pulsa- 
tion can sometimes, though by no means always, be 
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observed. In many cases a diastolic shock of con- 
siderable strength can be felt over the aneurysmal 
sac. The time of occurrence of all these phenomena 
must be given with reference to the apex beat. 

At tlie root of the neck palpation will fre- 
quently enable one to identify a pulsating vessel, and 
so clear up a doubtful diagnosis. When pulsation 
occurs in the episternal notch one should, if possible, 
try to push the finger below the pulsating vessel. By 
so doing one may be saved the inconvenience of 
diagnosing an aortic aneurysm when the patient has 
merely an abnormal origin of his right subclavian. 

By pressing the finger firmly down from the epi- 
sternal notch behind the upper part of the sternum — 
due care being exercised not to cause the patient too 
much discomfort — a commencing dilatation of the 
transverse arch of the aorta may be identified in time 
to allow of effectual treatment being carried out, since 
in health the aorta lies at so low a level that its 
pulsation can scarcely be detected by this manoeuvre. 

Another method of discovering an early dilatation 
of the aorta, when the under side of the arch is the 
part involved, has been described by Surgeon-Major 
Oliver and others under the name of tracheal tugging. 
The explanation of this phenomenon depends npon the 
fact that in passing from the trachea to the lung the ' 
left bronchus lies just oelow the arch of the aorta, and 
consequently each time that the aorta is distended the 
aneurysmal dilatation pushes the bronchus downwards 
before it, and the latter drags in turn upon the trachea, 
causing it to descend at each beat of the heart. By 
standing behind the patient and pressing the cricoid 
lightly upwards with the finger-tips of both hands, 

% whilst the patient keeps his mouth clqsed and elevates 
"fiis chin, the downward tug can in many cases be 
detected with great facility. The phenomenon can 

j 



applied to 

SK .* PM 10 

Sr^t^^^«23?4Ss 

Preid^VbufSv™,'? %»’ “•■U b. 

margin when pulsatiSVthe 1 ? tbe left costal 
Pected. By thism4ns hln ^ventricle is sus- 

from pulsation of the liver ^ e rea dily differentiated 

When the liver 

,,ou ' owing to backward nres™™* 1 *!^ nS * ,e 1>u,sa - 
tneuspid incompetence the S “ the Veins due to 
to be affected, and in Vest r£ + ? gai1 ^ be f oond 
aeter of the movement can be disK ex P an siIe char- 
pulsation is most readilv r “ * Ct ymadeout - The 
^donthe5thand 6 trcost!l 0gm f d b ? P^g one 
on the lateral reSon of 'Z^ 8 * 8 ’ 1 and the other 

Ime When the rifteventSet! 1 “ tbe Hilary 

systole, causes epLjrie „ ,, 3 ’ b y Passing on it during 

»"‘y b, d,t,aff e‘“ Z 

, C ‘“' »' tabt a, tl SSi? ° f “* W - In 

a change in the patient’s S? f epl ® a . stec pulsation, 
made to assume a knee-lbo w’ pa ^ lcular] y if he is 
cIears up the difficulty. b P ° SItlon > frequently 

“* *“* »< 

b Jeep dullness. g 

2 - Superficial dullness. 



IV] PERCUSSION * 131 

(B) The presence of certain abnormal conditions of 
the cardio-vascular system, e.g. — 

(a-) Pericardial effusion. 

(6) Aneurysmal dilatations. 

Theory. — When a sharp tap is given over any part of 
the body, the underlying structures either resound to the blow 
or merely respond with a dull thud like that which a lump of 
putty would yield under similar conditions. The former bodies 
are described as resonant, the latter as dull, on percussion. The 
resonant structures in the body are the air-containing organs 
and the bones. The latter when struck emit a sound that is 
totally distinct from that yielded by the viscera which contain 
air. It is known as the osteal percussion sound, and is typically 
heard when the skull is lightly tapped. The cause of reson- 
ance is that such bodies as possess it are able to vibrate with 
more or less regularity. In the case of the bones this power of 
regular vibration is due to tbe elasticity of tbe osseous sub- 
stance ; in the case of a hollow viscus, such as the stomach, 
colon, or small intestine, it depends on the periodic oscilla- 
tions of the contained air columns, and on the tension of 
the limiting stomach or bowel wall ; in the lung tbe factors 
become more complex, for we have to deal with very greatly 
subdivided air columns, and the septa are under a considerable 
degree of tension. Since the exact quality of the resonance 
which is produced is influenced by the amount, disposition, 
pressure, and subdivision of the included air, and also by the 
tension of the walls and septa of the viscus, it is evident that 
each organ will, on percussion, give out a sound which is 
fairly characteristic. With a comparatively simple air-space 
such as the stomach presents, the resonance resembles that of 
a drum, and is therefore described as tympanitic ; in the lung, 
on the other hand, the innumerable septa so break up tbe air- 
space that tbe resonance acquires a peculiar and quite distinc- 
tive character. There is no other sound which bears any close 
resemblance to it ; hence it is simply known as normal lung 
resonance , and the student must learn to recognize it from 
frequent practice. 

The depth of tissue which is thrown into vibration by tbe 
percussion stroke depends, when other things are equal, on the 
force of the blow. When tbe chest wall over two regions of 
the lung is percussed with equal force, and when in one case a 
considerable depth of lung tissue underlies tbe point, whilst in 
.the other only a thin layer of lung intervenes between tbe 
surface and a subjacent solid organ, a characteristic difference 
is observed in the sound produced, just as, when a big drum 
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and a little' one are struck, they emit perfectly distinct sounds. 
The difference of sound depends on several factors, the import- 
ant points to note being that the thick layer of lung and 
the ’big drum emit a sound which lasts longer and conveys an 
impression of greater resonance and lower pitch. The thin 
layer of lung and the little drum, on the other hand, yield a 
sound of shorter duration, of less resonance, and of higher 
pitch. The exact pitch, however, is always somewhat indeter- 
minate, as it is compounded of a mixture of several indepen- 
dent, more or less tone-like, sounds and their overtones. For 
practical purposes we may describe the resonance of a thick 
layer of lung as “full” and that of a thinner layer as 
“ emptier” the words being employed, in a general but suffi- 
ciently intelligible sense, to describe the complex impression 
which the observer readily recognizes, but which, under the 
conditions of clinical work, baffles exact analysis. 

When a very light blow is delivered the resonance of only 
a thin layer of the subjacent lung is elicited, and the sound 
produced is comparatively empty, even although a thick part 
of the lung lies below the point dt percussion. Hence it 
follows that the presence of a solid organ underneath the lung 
will only render the resonance " emptier ” when it approaches 
sufficiently near the surface to encroach upon the layer which 
is being set in vibration. A firmer stroke would throw a 
thicker layer into vibration, and in this case a solid body 
advancing from below would sooner reaeh the vibrating area 
and render the resonance emptier. In other words, when the 
object aimed at is to detect 
the presence of an organ 
which lies underneath a 
thick layer of lung, then 
the percussion stroke should 
be firm. If, on the con- 
trary, the object of inquiry 
is to ascertain the spot 
where a resonant viscus ter- Fig. 20. — Percussion diagram (see text), 
minates, more especially if 

it grows thin, wedge wise, as its border is approached, it is 
evident that the end in view will be best achieved by very 
light percussion, since by this procedure the resonance, though 
comparatively empty, remains of uniform quality until the 
edge of the organ is reached, when it is replaced by an 
absolutely dull thud. 

This is diagrammatically represented in the accompany^ 
mg figure (Fig. 20}, where it is easily seen that with firm 
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percussion the resonance begins to grow emptier at b , and gra- 
dually alters thereafter at every point till the emptiness is 
completed at d ; whilst with lighter percussion the resonance 
remains uniform, although comparatively empty, until c is 
reached, when it rapidly gives place to absolute dullness, and 
thus the final extinction of resonance is much more readily 
appreciated. 

If the tight membrane which is stretched over a drum be 
covered with a soft solid, the sound which it yields is muffled ; 
and, in like manner, if a solid organ overlies an air-containing 
one, the resonance of the latter will be thereby muffled , and 
the more softly the percussion stroke is delivered the more 
marked will the muffling become. A soft stroke is particularly 
necessary when the solid organ is thin, or when its border 
requires to be accurately defined. 

> The following points also demand consideration in the 
practical application of per- 
cussion. First, the percussion 
stroke being delivered perpen- 
dicularly to the surface, the 
percussion outline may be 
greater than the actual width 
of the organ under examination 
when the surface is curved, as 
may be seen in Fig. 21, where 
the dotted lines represent the 
true projection, and the continu- 
ous lines the percussion outline 
of a solid organ. Second, since the percussion stroke not only 
affects the structures directly below its point of application, 
but elicits resonance from a region extending to a certain dis- 
tance around that point, ^.certain degree of dulling may occur 
before the solid organ is reached. This error becomes greater 
as the percussion stroke is increased in force. 

Methods of percussion. — When percussion was 
first introduced, the tap was delivered directly on 
the patient's skin without the interposition of any sub- 
stance over the point struck. This method, known 
as direct percussion, is now seldom used, except on 
the clavicles, which in examination of the lungs are 
lightly tapped by the observer’s finger-tip. In order 
to obtain better resonance, as well as with a view to 
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the patient’s comfort, various materials were subse- 
quently interposed between his skin and the percussing 
finger. A flat plate of bone or ivory, of such a size and 
shape as to be readily applied and closely adapted to 
the surface of the chest, is frequently employed, and 
is called a pleximeter. In some instances, when the 
curvature of the surface renders the application of 
an instrument difficult, a short rod of bone or vul- 
canite, set pillarwise on the region to be percussed, 
is employed. A very good pillar pleximeter may be 
improvised by utilizing a short piece of good cork, 
such as is used for closing specimen tubes. It conveys 
the impact well, and itself emits but little sound when 
struck. Most physicians, however, prefer to make use 
of the middle or forefinger of the left hand as a plexi- 
meter, and the preference is due not only to the fact 
that it can be readily adapted to almost any surface, 
but also that it often conveys information additional * 
to that obtained by the percussion sound, as it takes 
cognizance of the different degrees of resistance which 
the tissues offer to the percussion stroke. 

Sometimes a small rubber-tipped hammer, known ^ 
as a plessor , takes the place of the percussing finger, j 
and is occasionally of service ; but as a rule the finger 
should be preferred. - 

The ordinary method, the», of percussion is con- 
ducted in the following manner The middle finger of 
the left hand is placed firmly on the part which is to 
be percussed, and is adapted to any inequalities of 
surface, so that no air-space is interposed between it 
and the skin. The back of its middle phalanx is then 
struck with the tip of tire middle finger of the right 
hand. The stroke should be delivered from the wrist 
and finger-joints, not from the elbow, and the percuss- 
ing finger should be so bent that when the blow is 1 
delivered its terminal phalanx is at right angles to the 
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metacarpal bones, and strikes the pleximeter per- 
pendicularly. Whenever the blow has been given, the 
striking finger must be raised, lest it should impair 
the vibrations it has excited, just as the hammers of a 
piano fall back from the wires as soon as these have 
been struck. In cases where the. percussion requires 
to be firmer, several fingers may be used ; but it is 
better, whenever possible, to employ only one per- 
cussing finger. In some cases a modification, known 
as flicking percussion, is useful, and this is particularly 
valuable in the examination of the abdomen, where 
the method is more fully described (p. 63). 

There are three cardinal rules which should 
always be remembered when percussion is being 
carried out. The first is that in defining the bound- 
aries between contiguous organs the percussion should 
invariably be performed from the resonant towards 
the less resonant. The second is that the longer axis 
of the pleximeter should be parallel to the edge of the 
organ whose delimitation is being attempted, and the 
line of percussion should be at right angles to that 
edge. The third is that the pleximeter finger must be 
kept in firm contact with the chest wall. 

It is seldom necessary to deliver more than two 
or three strokes at any one situation ; repeated blows 
cause much discomfqjrb to a sensitive patient.* The 
points to be noted on percussion are the volume and 
fitch of the resonance elicited, and the sense of resist- 
ance experienced by the finger. 

Percussion of the Heart 

The objects which are aimed at in percussion of 
the heart are twofold : first, to ascertain the size and 

* Students who lack expertness in percussion are. advised to 
gain the necessary skill on a table or some other. inanimate object 
of varying resonance rather than on hospital patients. 
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Since for the most part the heart is surrounded by 
resonant lung, but does not he so deeply as to be out 
of reach of a firm percussion stroke, one can delimit 
its extreme boundaries with a considerable degree of 
accuracy by observing, as one percusses towards the 
cardiac region, the points at which the lung resonance 
begins to grow emptier. In two areas this cannot be 
achieved. At the base of the heart the roots of the 
great vessels produce a dulling or emptying of the 
lung resonance which cannot be discriminated from 
that caused by the heart,* while the lower border of 
he viseus is in relation to non-resonant liver, which 
yields on percussion the same dull thud that the heart 
itself does. 

It is also important to determine how much of the 
heart is quite uncovered by lung. This is done by con- 
lnuing to percuss in the same direction as for the 
determination of the extreme limits of the organ, but 
with a lighter stroke, and observing when the slight 
resonance of the lung is replaced by absolute dullness. 

the region of the heart covered by lung is called 
the area of deep or relative cardiac dullness. Its outline 
corresponds approximately to tfce anatomical outline 
of the organ The region of the heart which is un- 
covered by lung and lies directly against the chest 
2-ahed the area °f superficial or absolute cardiac 

The accompanying diagram (Kg. 22), which repre- 
sents an antero-postenor section of the chest in the 
left parasternal lrne, will explain the sequence of 

i£B5=V £ sSMB-ii-isj-s s 
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phenomena which are observed on percussion. At a 
the resonance is’ full, at b it begins to grow emptier, 
and continues to do so till d is reached, when the 
sound becomes absolutely dull, and continues so over 
the uncovered surfaces of the heart and liver until e 


Fig. 22. — Antero -posterior section of thorax near the left parasternal 
line. ( See text.) 

{Slightly modified from Luschka .) 



is reached, when the resonance of the stomach, though 
muffled, may be distinctly detected, and at / the 
muffled resonance gives place to the full tympanitic 
stomach note* The percussion stroke must be firm 
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in passing from a to b, light from c to d , and light also 
as one percusses upwards from g to e. 

1. Deep dullness. — Byfirm percussion, then, the 
right, the left, and that part of the upper border of the 
heart which lies to the left of the roots of the great 
vessels can be defined. To do this, percussion is per- 
formed in two directions : first, down a vertical line 
far enough from the middle plane to be quite to the 
left of the great vessels, but not so far out as to miss 
the upper border of the heart altogether — the left 
parasternal line, or one a shade internal to it, fulfils 
these requirements ; second, percuss from right to 
left along a line as far down the chest as possible, but 
yet clear of any trace of hepatic dullness ; and also 
along the continuation of tins line to the left of the 
heart, but this time percussing from left to right. In 
the vertical line one should begin at the 1st inter- 
space, comparing its resonance with that of the 2nd, 
and this with the 3rd, and so continuing downwards 
until the first trace of impaired resonance is observed. 
One then knows that the boundary of the heart has 
been reached. But the dullness may also be present 
at the level of the rib above the interspace in which it 
was detected, and therefore the percussion sound of 
this rib must be compared with that of the one next 
above it. If the resonance of tfye lower of the two be 
less full than that of the upper, one knows that the 
outline of the heart lies behind it. The reason why 
rib is compared with rib, and interspace with inter- 
space, is that otherwise the alternate presence and 
absence of the osteal resonance, according as rib or 
interspace is being percussed, introduces an element 
of unnecessary confusion. Before percussing the right 
border of the heart, the upper limit of deep hepatic 
dullness between the right parasternal and the right 
mammary lines must be determined, just as the upper 
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border of the heart was. When this has been done, 
the right border must be defined by percussing from 
the right mammary line towards the sternum along 
the rib or interspace above the level at which the first 
traces of hepatic dullness w r ere observed. 

Although the lower border of the heart cannot be 
percussed out, a sufficiently close approximation to it 



is attained by drawing a line from the upper limit of 
deep hepatic dullness, which has already been deter- 
mined, and which is usually found at the level of the 
4th interspace or 5th rib, to the apex, whose position 
has been fixed by palpation. 

By percussing in the 4th interspace from the left 
lung towards the heart, one is able to define the left 
border with considerable precision, and in cases where 
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it is desirable to obtain further points one can percuss 
in v arious other lines perpendicular to the border from 
the lungs towards the heart. The student must Tt 

£h e o£urs Sl wf* m , Uffling -° f tlle lm § resonance 
iuon occurs when he arrives ovpr t'Ko » i 

“e U found"that^ e ^ ° f the beart ?It ^ 

euJon hrSf f +1 an , aVerage iealti Y chest the per- 
s of the heart are as follows (Fio* 231 * 

the lungs are somewhat voluminous it t ' ’ 

s ?s* t i r*™* 

soundine-board and ste ™nm acts as a 

.t»cibSa“ *r, *"“« 

tte SlX7?i" SS C*“ 

internal to thenwnmary “ J 1 ** 

higher level it will be fminrl L ** M P ereusse <i at a 

“T ” “ *» 

P r * Graham Steell has proposed fhp -fnii 

Roman numerals the numbeTnf recor< ^ e ^ in 

upper border of the heart erttWl^ 6 rlb to wJlic h the 
Below it, and to the' writer’s left 8 ^f 1 ? araste3 P aI line - 
the distance to which the T tlcal 

passes to the righT of fhl S °. f the W 



PERCUSSION OF HEART 


141 


IV] 

heart is determined along a line just clear of the liver 
dullness, the left immediately above the situation 
of the apex beat. Thus the record of an average 
healthy adult heart would be 
III 
1 I 

2. The superficial dullness of the hearty 

which depends on the position of the borders of the 
lungs, must be determined by light percussion. To 
ascertain the upper border, one should percuss down- 
wards between the left lateral sternal and left para- 
sternal lines. The left border is found by percussing 
from the left mammary towards the middle line along 
the 4th intercostal space, or 5th rib ; the right, by 
light percussion at the same level, beg innin g to the 
right of the sternum. In health it will be found that 
the upper limit is at the level of the 4th rib. The 
left at its upper end is rather more than § in. within 
the left border of the heart, as already determined ; 
at its lower end it is decidedly nearer that border, 'and 
may extend outwards almost to the apex beat. The 
right limit does not correspond with the edge of the 
right lung, which, placed as it is behind the sternum, 
cannot be exactly defined, but lies in the left lateral 
sternal line, where it extends from the 4th to the 6th 
costal cartilage. The left limit curves gradually round 
to be continued into the upper, the latter joins the 
right limit at an angle. The space is therefore of 
triangular outline, but the left side of the triangle is 
not straight, but convex outwards. The lower side 
of the triangle cannot be defined by percussion, but 
corresponds with the inferior border of the heart ; it 
is marked out in the manner already described. 

Lying as they largely do behind the sternum, the 
dullness due to the great vessels can seldom be made 
out with precision. If, however, there is aneurysmal 
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dilatation of the ascending aorta, a dull area can be 
mapped out. It is continuous below with that of the 
heart, above it bulges outwards to the right of 
the sternum at the level of the 2nd interspace and 
adjacent ribs ; whilst the sound produced by percus- 
sion of the manubrium sterni is also rendered much 
less resonant, or even, in cases where the aneurysm is 
large, absolutely dull (Fig. 24). 



ALTERATIONS IN CARDIAC AREAS IN DISEASE 
In diseased conditions both the relative and the 
absolute cardiac dullness may be altered in size or in 
position. Except in cases of pericardial effusion the 
determination of the area of superficial dullness 
seldom yields any information of great importance 
regarding the heart ; but it is valuable in revealing 
certain diseased conditions of the lungs and pleura. 
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When the relative or deep dullness is 
enlarged the condition may be due either to disease 
of the heart and pericardium, or to morbid conditions 
in the surrounding viscera. If the dullness in the left 



Fig. 25.— Diagram to illustrate the effect of dilatation of the right and 
left sides of the heart respectively. (Gee, after v. Dusch .) 

Continuous heavy outline, normal heart: dotted line, dilatation of right side ; 
thiu double outline, dilatation of left side, 

parasternal line he found to extend upwards into the 
2nd interspace or higher, without any corresponding 
upward displacement of the lower boundary, such as 
would be present were the heart dislocated upwards 
as a whole, and in the absence of disease of the lung, 
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the condition is usually due to pericardial effusion. 
Aneurysm of the descending arch of the aorta has 
been blown to cause du l l n ess in this region, but this 
effect is only produced in the rare instances where the 
aneurysm passes far forwards. Most aortic aneurysms 
are found farther to the right. 

If the relative dullness extends to the left of the 



Fij. 26 . Dilatation and hypertrophy of left side of heart. 

apex beat, provided the lung and pleura be healthy, 
we have to do with pericardial effusions ; and in tins 
case the right border will be found at a considerable 
distance to the right of the sternum— it may be as far 
as the right parasternal line. If the cardiac dullness 
extends to the left of the mammary line, but does not 
reach beyond the situation of the apex beat, the con- 
dition is probably due to dilatation and hypertrophy 
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of tlie left ventricle, unless the heart is bodily dislo- 
cated to the left by some such cause as massive pleural 
effusion on the right side. If the dullness extends, in 
the absence of lung disease, pleurisy, or pericardial 
effusion, more than about a finger's breadth to the 
right of the sternum, one is justified in concluding 
that the right heart has become dilated (Fig. 25),* 



Since dilatation and hypertrophy of the left ven- 
tricle not only displace the left border outwards but 
cause depression of the apex, the percussion outline 
of such a heart will become conical (Fig. 26), whilst 
dilatation of the right side, by causing the cardiac 
dullness to extend too far to the right without greatly 

* The auricle [atrium] whose boundary is thus determined is 
dilated • the ventricle is usually both dilated and hypertrophied. 

K 
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affecting the level of the apes, renders the dull area 
more square than usual (Fig. 27). 

The dullness which one finds in pericarditis with 
effusion, or in hydropericardium , varies with the 
amount of fluid which is present, but in well-marked 
cases is pear-shaped, with the broader end down- 



wards and the upper end higher than the ordinary 
upper limit of dullness (Fig. 28). 

The chief causes outside the heart and pericardial 
sac that produce an increase in the area of cardiac dull- 
ness are due to diseases of the lungs and pleura. Here 
one may find consolidation or tumour of the lung, or 
pleural effusion ; or a cirrhotic contraction of the lung, 
or the binding of it back by pleuritic adhesions, may 
leave more than usual of the front of the heart exposed, 
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or at least near the surface. In comparatively rare 
instances the heart is pushed forwards by a tumour 
or aneurysm in the posterior mediastinum. 

The relative dullness of the heart may he 
diminished in cases where the heart is unusually 
small, or the lungs are so emphysematous as to inter- 
pose a layer of pulmonary tissue that is thick enough 



to carry the margins of the heart beyond the sphere of 
action of the percussion stroke. As a corollary to this, 
it should be observed that if, when the lungs are em- 
physematous, the heart’s dullness reaches fully up to 
the normal limits, one is justified in assuming that, as 
a matter of fact, it oversteps these limits. Air in the 
pleural cavity will also diminish the area of dullness ; 
in pneumopericardium it is often quite abolished. 
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placed with its apex to the right, and the area of dull- 
ness is then the mirror image of what is usually found. 

In cases of ascites or of massive abdominal tumour 
the heart is pushed upwards under the lungs. Hence 
its area of dullness is placed higher than usual, and, 
owing to the thickness of overlying lung, may he un- 
usually difficult to map out (Fig. 29). Tumours of 



Fig. 31.— Displacement of heart in right-sided pleural effusion. 

the liver displace the heart upwards and to the left. 
Pulmonary emphysema thrusts the heart downwards 
(Fig. 30), pleural effusion drives it towards the sound 
side of the chest (Figs. 31, 32), whilst cicatricial con- 
traction of the left lung often draws it upwards and to 
the left. 

In certain cases of pericardial effusion it is stated 
that a small dull area can be found posteriorly near 
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the inferior angle of the left scapula. The phenomenon 
is of doubtful value, and bas not been very satisfactorily 
accounted for. Those Who wish to study it must refer 
to larger works or to special papers on the subject. 

Whilst the student is percussing the heart, he 
should attend not only to the resonance which is 
elicited hut also to the sense of resistance of the 



Fig. 32 ,— Displacement of heart in left-sided pleural effusion. 


underlying tissues wbicb the pleximeter finger experi- 
ences. By this means be may often form a shrewd 
guess of the nature of tbe subjacent structures. 3?or 
example, a well-trained finger will detect decidedly 
greater resistance over a dull area when tbe dullness is 
caused by fluid, as in pleurisyjor bydropericardium, 
than when it is produced ^by a solid organ like the 
heart or a pneumonic lung. , 
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V. AUSCULTATION OF THE HEART AND 
VESSELS 

Auscultation determines — 

(A) Character of the heart sounds with respect to — 

1. Intensity. 

2. Rhythm. 

3. Quality. 

(B) Abnormal sounds associated with the heart 

sounds— 


(a) Over prsecordia 


f 

l 


Endocardial murmurs. 
Pericardial friction. 


(b) Over vessels 


f Clear sounds. 

1 Murmurs or bruits. 


The stethoscope. — Auscultation, though some- 
times performed by the direct application of the ear 
to the chest wall, is generally conducted by means 
of a stethoscope, and the student cannot take too 
great pains in choosing a good one. 

Stethoscopes are of two types, single and binaural. 
Each of these has its special advantages and disadvan- 
tages. Binaural instruments are particularly service- 
able in the examination of children and of patients too 
ill to be much disturbed. Single ones, although they 
conduct less loudly, are relatively rather more sensi- 
tive to high-pitched sounds, and they also convey to 
the ear of the observer, when he listens over the apex 
of the heart, a distinct shock or jog at the moment of 
ventricular systole, thereby facilitating the timing of 
other phenomena. 

In the choice of a binaural, one should avoid 
instruments with unnecessary joints and loose parts, 
or with woven tubes. The chest-piece should not 
be very large, nor made of metal ; vulcanite is not 
so chilly, and is easily cleaned. Unless the ear fittings 
are suitably shaped, much discomfort will be produced. 

In choosing a single stethoscope much depends on 
the grain of theis wood ; some woods, such as oak, wil! 
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be found to conduct better than others. The chest- 
piece should be of moderate size, so that it may be in 
complete apposition with the chest wall even when the 
patient’s ribs are prominent. The ear-piece should be 
selected so as to fit the ear with comfort. The instru- 
ment should have no loose parts. A good rough-and- 
ready test of the efficiency of a stethoscope is to listen 
with it to the ticking of a watch, and to select the 
instrument which conducts the sound best. In prac- 
tice the student must be very careful not to press 
heavily on the patient when using a single stethoscope. 

The phonendosco'pe has not secured any very 
general recognition. This may be due in part to the 
fact that, though it conveys low-pitched sounds with 
great clearness, it does not conduct high tones so well 
as the ordinary stethoscope ; and, since high tones are 
peculiarly characteristic of many morbid conditions in 
the lungs, it is obvious that its use for clinical purposes 
is seriously limited by this defect.* 

The cardiac cycle and surface anatomy 
of the valves and vessels. — In order to under- 
stand the various sounds which can be heard by 
listening to the heart through the chest wall, a clear 
conception of the events which occur during a cardiac 
cycle is essential. 

After the completion of a beat the auricles and ven- 
tricles are both relaxed. Thereafter the auricles con- 
tract, forcing their contents through the cuspid valves 
into the ventricles, and filling them. The ventricles 
then contract in turn, expelling the blood into the 

* A special stethoscope provided with an adjustable slit has 
been devised for the purpose of comparing the intensity of the 
different heart sounds at varying points. By adjusting the 
opening until the sound under examination becomes inaudible, 
one can obtain a definite measure of its intensity at any given 
point. The best form of this instrument is Bock-Oertel’s stetho- 
phonometer, which is a modification of the pattern originally sug-r 
geBted by Gartner. 



AUSCULTATION 


153 


IV] 

vessels, whilst the auricles [atria] commence to relax 
and become refilled with blood ; finally, the ventricles 
relax also, and so the cycle is completed. We have 
thus in rapid succession auricular systole, ventricular 
systole, and ventricular diastole ; the auricular dias- 
tole commencing during ventricular systole, and ven- 
tricular diastole continuing through auricular systole. 



Radial Pulse 

Fig. 33. — Cardiac cycle. ( Modified from Gairdner.) 


The beginning of ventricular systole is marked by 
the closure of the mitral and tricuspid valves, which had 
remained open during the systole of the auricles [atria], 
and by the occurrence of the apex beat ; the beginning 
of ventricular diastole is marked by the closure of the 
aortic and pulmonary valves, which remain closed 
until the beginning of the following ventricular systole. 
The pulse in the carotid occurs a short time after the 
commencement of ventricular systole ; in the radial 
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artery it is decidedly later in its appearance, and there- 
fore the radial pulse must never be taken as an index 
to the commencement of ventricular systole. The 
carotid pulse is less fallacious than the radial, but, 
as an index to the commencement of systole, pre- 
ference should be given to the apex beat whenever 
it is available. 

Various authors have constructed diagrams to re- 
present the sequence of events in a cardiac cycle. The 
accompanying one (Fig. 33) may be taken as represent- 
ing these in an ordinary case, though the relative dura- 
tion of the successive events will be found in practice 
to vary within fairly wide limits. The most important , 
variation is, that when the heart acts with unusual 
rapidity the duration of diastole is curtailed to a 
greater degree than that of systole, and hence a shorter 
interval elapses between the time of closure of the 
semilunar valves and the commencement of ventri- 
cular systole than one would infer from an examina- 
tion of the diagram. For some purposes it is found 
i more convenient to unroll the above diagram, so that 
the sequence is represented along a straight line instead 
of round a circle. Fig. 34 shows the details of the car- 
diac cycle, and especially their exact time relations, 
with greater accuracy than the simpler diagram of 
Professor Gairdner. It will be ijpund of special value 
when the student arrives at the consideration of the 
venous pulse.* 


* It must be recollected that in clinical language the words 
systolic and diastolic are used with reference to the state of the 
ventricles, events which take place during the auricular contrac- 
tion bemg described as diastolic (or presystolic). On the other 
hand, physiologists generally regard the period of auricular con- 
Uactaon as included in the systolic period of the cardiac cycle. 
UiimcaiLy, then, the systolic phase of the cycle begins with the 
apex beat and commencement of the first sound. It terminates 
immediately before the second sound, whose commencement 
JWks the begin nin g of the diastolic period. 




The paints where the aortic curve Joins and leaves the ventricular curve 
indicate the times of opening and closing of the semilunar valves? the 
latter is marked s.c. The line marked a.o. corresponds to the opening of 
the auriculo-ventricular valves. 

In the Jugular curve, a, c, and v represent the auricular, carotid, and ventricular 
waves ; x, and y the troughs which follow them. 

In the electrocardiographic curve, p represents the “base-negative” summit 
caused by auricular systole, u and t are the exi ressiou of similar ventri- 
, cular activity ? Qand s are “base-positive” variations originating in the 

auricle and ventricle respectively. 
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Ia .addition to a knowledge of the cardiac cycle, 
auscultation presupposes acquaintance with the situa- 
tion of the valves of the heart and of the course of the 
principal arteries, as well as of the areas where sounds 
produced at the valves are best heard. For full par- 
ticulars the student must consult works on regional 



anatomy. The following summary merely recapitu- 
lates the most important facts : — 

The pulmonary valve lies horizontally at the level 
Of the upper border of the 3 rd left costal cartilage ; 
the right half of the valve lies under cover of the 
sternum, the remainder passes outwards behind the 
costal cartilage (Fig. 35). 

The aortic valve lies farther from the surface, and 
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at a slightly lower level. Its situation may "be indi- 
cated on the front of the chest by a line drawn obliquely 
across the left half of the sternum on the level of the 
lower border of the 3rd costal cartilage. 

The mitral valve lies slightly obliquely behind the 
inner end cf the 4th left costal cartilage and adjoin- 
ing part of the sternum. The tricuspid valve is placed 
much more obliquely ; its upper end is opposite the 
4th cartilage or interspace, and its lower near the 
lower border of the 5th right stemo-costal articula- 
tion. It marks the line of junction between the right 
auricle [atrium] and right ventricle. 

The pulmonary artery is situated at the inner edge 
of the 2nd left interspace, and behind the adjacent 
part of the sternum. At the lower border of the 2nd 
cartilage it divides into its branches to the right and 
left lungs. 

The ductus arteriosus passes upwards from the 
left branch to join the aorta. 

The aorta arises behind and slightly lower down 
than the pulmonary artery, and, passing upwards and 
to the right, approaches the surface of the chest most 
closely at the inner end of the 2nd right costal car- 
tilage, arching backwards and to the left from that 
point. The innominate artery passes in a direction 
represented by a line drawn from the middle of the 
manubrium to the right sterno-clavicular junction. 

A stethoscope placed over the valves of the heart 
would fail to distinguish at which of them a given 
sound takes origin, because they lie so near each other 
that the sounds from all of them would reach its 
chest-piece. Besides, in the case of the valves that lie 
more deeply the sounds would have to pass through 
the chambers of the heart which are situated between 
them and the surface, and thereby their clearness 
would be impaired. To avoid these inconveniences, 
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the sounds produced by each valve are listened for ove 3 
that part of the chest where the cavity, in which the 
valve lies most closely approaches the surface, and is 
most remote from the other cavities of the heart. 

Hence one listens to the mitral valve at the cardiac 
apex, to the tricuspid at the lower end of the sternum 
to the aortic over the aorta at the 2nd right costal 
cartilage, and to the pulmonary over the artery in the 
2nd left intercostal space. It is practicffly found that 
in these regions the sounds of the respective valves 
are heard with a maximum of loudness and distinct- 
ness. They are therefore called the mitral, ti icus- 
pid, aortic, and pulmonary areas, although they 
do not he ^ - valves from which they 

n should be performed 
In ordinary cases the 

ucgm wionrne mitral area, making certain 

of the ten. u which a. .tends that hi 

“• “P«* whikt he 
nstens. He may then pass to the tncuspid area, there- 
after to the aortic, and lastly to the pulmonary. When 
necessary auscultation may also be performed dong 

Tht S J ° mmg tie and aortic areaf 

This is often of service, as, for instance, when a mitra 

systokc munmur » associated with an aortic oTe 

1WO soullds are often heard over 

, . . ese areas, the firfb corresponding with 

the rZ mmg ° f Ven ^ rioular s yteole, the secrnd with 

s^nd dXdTfr 4 0f T ent ™?lar diastole. The first 
sound depends, from the clnucal standpoint ehieflv 
on the closure of the mitral and tricuspid vahes and 
te a lesser degree on the muscle tone of venSdar 

‘sssssfc 
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vessel walls. This sound is sharper and shorter than 
the first, which continues through an appreciable 
period of systole, but not until its termination. At 
and to the left of the apex, only the aortic element of 
the second sound is audible. The observer must 
remember that it is always important to note the 
character of both the first and second sounds in each 
of the areas. 

Deviations prom the Normal in Disease 

In disease the following deviations from the normal 
may occur : — 

1. The sounds may have a different intensity, both 
'absolutely and relatively to each other, from that 

which they possess in health. In estimating this, 
allowance must be made for the thickness of the chest 
wall and the volume of the lungs. 

2. The sounds may be doubled, or their rhythm 

altered. f 

3. Adventitious sounds may be heard, either re- 
placing or occurring along with the heart sounds. 

1. ALTERATIONS IN INTENSITY 

{a) The first sound may he weaker than 

usual. Decided shortening or weakness of the first 
sound, still more its disappearance, indicates cardiac 
failure. In acute feUrile disease this change may 
occur rapidly, and should always be looked for ; the 
left side of the heart generally yields first. 

{&) The first sound may he Joudir than 
usual. It is then said to be accentuated. In 
simple dilatation the sound is often slightly accentuated 
and very clear, sharp, and short, as a large volume of 
i^)lood is projected Against the valve curtains, and 
the sound easily penetrates the thin ventricular wall 
to the observer’s ear. In hypertrophy the “sound is 
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accentuated, but dull, prolonged,' and thudding, as the 
vibrations produced by the unusually forcible closure 
of the valve have to pass through the thickened heart 
walls, and the muscular element of the sound is 
specially prominent. 

(c) If the second sound is more distinct in 

the mitral or tricuspid areas than the first, we have 
to do with either a weakened first sound or an accentu- 
ated second ; whilst if the first sound is louder than the 
second m the aortic and pulmonary areas, the first 
sound is accentuated. 


* The relative loudness of the second sound 
m the aortic and pulmonary areas varies somewhat, 
and is a good deal influenced by the patient’s age, 
ihe pulmonary sound is rather more accentuated than 
the aortic in youth ; in old age the reverse is the case 
when the subject is in good health. 

fW A ?T? €nt, i ,ati0 L n of 1 t,le second sound means 
tHat the valve where the accentuated sound is pro- 
duced is closed with unusual force. The force of 
closure depends on the momentum of the column 

eonallv^l 6CtS momentum depends 

equally on the mass of moving blood and on the 

themiofW 8 T- aga “ St tlle valve - ln the aorta 

nearitsoriin°- d + i S “Tv* *}** tlle vessel is Elated 
near its origin , the velocity of recoil when, in conse- 

t q o U throutflT ntr f a w ed / rt f iolei? 01 0ther obstruction 
to the outflow of blood, the arterial blood-pressure is 

increased. When the aortic accentuation P ™to 

the former cause, the sound often assumes a peculiar 

£ ° f ’ the ‘ 60110 Ponced wheS* 

is *awn from an empty bottle. Over the pulmonary 
artery an accentuation of the second sound generally 
indicates increased blood-pressure in the pulmonary 
circulation, due to disease either of the lungs or of- 
e e e o the heart. In pneumopericardium the 
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sounds are singularly clear and resonant, in ‘peri- 
cardial effusion they are faint and muffled, in pneumo- 
thorax they are in many instances accentuated and 
clear, whilst when there are canities in the lung near one 
of the valve areas the sound arising in that area may 
be reinforced by the cavity acting as a resonator. 

2. REDUPLICATIONS 

Under certain conditions the first or the second 
sounds may be doubled. The simplest explanation 
is that which assumes that when such a doubling 
occurs, the valves, either cuspid or semilunar as the 
case may be, close sooner on one side of the heart than 
on the other ; the reason being, in the case of the 
mitral and tricuspid, asynchronism of systole of the 
respective ventricles ; and in the case of the aortic and 
pulmonary valves, some variation of the normal rela- 
tions of blood-pressure in the aorta and pulmonary 
arteries, since an increase in pressure will accelerate 
the closure of the valve which is subjected to it. This 
view is probably correct in some, but not in all cases. 
Clinically, reduplication of the first sound occurs 
under very various conditions, the most important 
variety being known as the “ bruit de galop,” where 
the rhythm at the apex shows the accent on the second 
element of the triplet ^ w. In some cases the 
appearance of this bruit de galop is of very unfavour- 
able import. Occasionally it is difficult to discrimi- 
nate between a short presystolie murmur and a redu- 
plication of the first sound. This difficulty is most apt 
to occur when the heart is acting feebly, and it is often 
found to clear up after a few days of rest and treat- 
ment. An experienced observer will seldom be at a 
loss, however, in determining to which class such a 
case should be referred. 

Reduplication of the seconu sonnet mdi- 
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cates, in a large proportion of the instances in which it 
is heard, an increase of pressure in the pulmonary cir- 
culation. It occurs, therefore, in certain lung diseases 
and in diseases of the left side of the heart, being very 
characteristic of mitral stenosis, in which disease it is 
heard in a large proportion of the cases. It should, 
however, be mentioned that many observers do not 
consider that the reduplication in mitral stenosis is due 
to early closure of the pulmonary valves.* It is also 
found where the right and left ventricles fail to con- 
tract simultaneously, whether the failure be due to an 
increase of work thrown upon one of them, or to the 
presence of structural changes in the heari^ muscle, or 
to derangement of the nervous mechanism which regu- 
lates their action. It also occurs physiologically at 
the end of a full inspiration and the beginning of the 
following expiration, being in this respect the converse 
of the first sound, which is more often reduplicated at 
the end of expiration and the commencement of in- 
spiration. When reduplication of the second sound is 
observed, it is most important to deter min e its pre- 
sence or absence, and its character, in each of the 
four valve areas. 

Alterations in rhythm. — Alterations in the 
rhythm of the sounds deserve attention. The usual 
rhythm is that of triple time in music, with the accent 
on the first beat in the mitral afid tricuspid areas, and 
on the second in the aortic and pulmonary, whilst the 
third beat is silent. This is slightly modified by the 
fact that a quickly acting heart gains time chiefly in 
the period of ventricular diastole, but the relation of 
the sounds is less modified by this than are the phases 
of the cycle. When, however, the vitality of the 
heart has been, seriously impaired by long-continued 
high blood-tension, such as is seen in chronic nephritis, 

* Vide infra. , p. 167. 
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and especially il fever or some such cause assists 
in weakening the myocardium, the sounds become 
almost equidistant, the period of ventricular systole 
being unduly lengthened. 

This deliberate pendulum-like sequence of the sounds 
should always be regarded with considerable anxiety, 
as it points — unless, indeed, the patient is being over- 
dosed with digitalis — to serious involvement of the 
cardiac muscle. 

Exactly the opposite effect is produced on the 
rhythm when systole is rapidly accomplished, or when 
from great weakness the ventricle fails to effect a 
complete emptying of itself, and the systole becomes 
abortive. 

3. ADVENTITIOUS SOUNDS 

Adventitious sounds may be of three kinds : endo- 
cardial, vascular, or exocardial. Abnormal endocar- 
dial sounds are called murmurs, or bruits. They 
are due to disease either of, or close to, the valve where 
they occur, when they are often known as organic ; or 
to some alteration in the state of the blood, which, by 
affecting its viscosity on the one hand and the nutri- 
tion of the tissues of the heart and vessels on the other, 
produces the conditions necessary for the development 
of a murmur. 

The physical explanation of murmurs is by 

no means simple. , The following are some of the factors con- 
cerned in their production : — 

i. The viscosity of the blood. 

ii. The velocity of the blood-stream. 

iii. The passage of the stream from a narrower into a wider 
channel. 

The third condition is equally well produced when a nar- 
rowed orifice leads to a normal cavity beyond it, or when a 
normal orifice opens into a dilated cavity. 

Endocardial murmurs always have a definite relation 
to the events occurring in the course of the cardiac cycle , 
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their time and import varying with their point of 
origin. 

In the so-called “ organic ” cases, where the valves 
or their surroundings are implicated, a murmur may 
either result from obstruction to the onward flow of 
the blood, or from leakage backwards through a closed 
but incompetent valve. The former are known as 
obstructive murmurs, the latter as regurgitant. In 
examining a murmur the following points must be 
noted : — 

(a) Its time of occurrence. 

(b) Its point of maximum intensity. 

(c) Its direction of selective propagation 

beyond the prsecordial area. 

(d) Its character. 

The time of its occurrence is noted with 
reference to the sounds of the heart, and these by com- 
parison with the time of occurrence of the apex beat. 

The maximum loudness of a murmur 
which has been produced at a given valve usually 
occurs at the point where the valve sound would be 
best heard in health. To this rule, however, there are 
some exceptions. 

Experience shows that valvular murmurs are not 
equally well heard at all points of the chest wall which 
are equidistant from the point q£ their greatest inten- 
sity, but that each is much more distinctly audible at 
a distance in some directions than in others ; this 
fact is expressed by saying that such murmurs have 
directions ot selective propagation.* * 

* The complete explanation of the selective propagation of 
many murmurs is still unknown. In most cases, however, the 
following factors greatly influence the direction in which the 
murmur is conducted: (1) The varying conductivity of the 
different structures in the chest wall, and between the chest 
wall and the heart ; (2) the direction of the vibrating blood- 
stream ‘ (3) the position of the chamber of tbe heart or of the 
vessel in wnich the valve Hes. 
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The character of the murmur also helps to de- 
cide a doubtful case. Obstructive murmurs are apt 
to be rough ; regurgitant, to be soft and blowing. 

The pitch and general quality of murmurs vary 
greatly ; some have quite a distinct musical character, 
others are harsh and sawing. The loudness of a mur- 
mur has no relation to the amount of damage which 
causes it. A very loud murmur is often far less serious 
than one so soft as to be nearly inaudible. 

Murmurs due to disease of postnatal origin are 
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Fig. 36. — Mitral murmurs. (After Wyllie.) 


very much oftener found to proceed from the valves 
of the left side of the heart than from those of the 
right, and in adult life murmurs at the tricuspid and 
pulmonary areas, due to morbid processes arising in 
these valves, are rai£. The following is a short epi- 
tome of the chief murmurs which may be heard at 
the various valves, and of exocardial sounds : the 
diagrams illustrate the position of the more common 
murmurs in the cardiac cycle. 


(1) Mitral Murmurs 

Mitral murmurs may be either (a) obstructive or 
(h) regurgitant. (Fig. 36.) 

(a) Obstructive murmurs occur during ven- 
tricular diastole, and are invariably of organic origin. 
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They sometimes follow immediately on the second 
sound, when they are known simply as diastolic . At 
other times the murmur is separated from the second 
sound by a brief interval, but terminates before the 
occurrence of the first sound ; it is then called mid- 
diastolic ; in yet other instances the murmur only 
begins with the advent of auricular contraction, when 
it is designated an auriculo-systolic , or, more often, a 
presystolic murmur. In each case the murmur is due 
to the onward rush of the blood through the deformed 
or narrowed mitral valve into the wider cavity of the 
left ventricle. During the earlier part of diastole this 
.is effected by the aspiration of the relaxing ventricle, 
which is ordinarily strongest near the beginning of 
diastole — at the end of the period the contracting 
auricle is the main agent in producing the flow. Some- 
times an early diastolic murmur is followed by a 
moment of silence, which is then succeeded by a pre- 
systolic murmur.* Best heard at the apex, or some- 
times rather nearer the sternum, they have no direc- 
tion of selective propagation ; they are harsh and 
rough in character, more particularly when of the pre- 
systolic variety, and very often are associated with a 
distinct thrill. In the majority of cases the second 
sound is reduplicated, so that the murmur and accom- 
panying sounds may be phonetically represented by 
u rrup ti-ti ” ; or, where the heart’s action is rapid 
and the murmur occupies a considerable portion of 
the diastolic period, by “ ti-ti mip.” Occasionally 
the presystolic murmur is accompanied by a mitral 
obstructive murmur occurring at the beginning of 
diastole, when the phonetic representation would be- 
come “ rrup ti tiff, mip ti tiff,” or, if the murmur 

* The term <{ postdiastolic ” as applied to certain of these - 
murmurs is very misleading. They are all diastolic in time, 
though, as has been stated, some are separated from the second 
sound hy a pause. 
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occur a shade later in diastole, by “rrup titi iff, 
rnip titi iff.” 

The exact significance of the reduplication of the 
second sound in mitral obstruction is a matter of 
dubiety. At present many observers deny that the 
second element of the reduplication is produced at the 
semilunar valves, and the fact that it is better heard 



at the apex than at the base supports their contention. 
It is not improbable that one element of the double 
sound under discussion may originate in the mitral 
valve, whose segments, partially adherent along their 
adjacent margins, are no longer free to fall backwards 
before the blood-stream as it again passes from the 
auricle to the ventricle at the commencement of 
diastole, but are suddenly arrested in their progress, 
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and, bulging into the ventricular cavity, become- tense, . 
and emit a sharp sound like that produced by asail 
suddenly belhed by a gust of wind. (Fig. 37.) ■ 

. Regurgitant murmurs occur during ven- 
neinar systole, and may be either organic or simply 
ue to dilatation. They begin with the apex beat and 
replace more or less completely the first sound in the 



Fig. 38.— Mitral systolic murmur-propagation in front., 

mitral area. Their point of maximum intensity is at 
the apex, their direction of selective propaSon is 
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It is possible that some basal hsemic murmurs may 
be due to mitral regurgitation when the left ventricle 
is dilated {see p. 176). (Pigs. 38, 39.) 

A soft systolic murmur of exocardiac origin is occasionally 
audible near the apex of the heart in cases of pulmonary tuber- 
culosis ; it is often propagated towards the axilla just as a 
mitral systolic murmur would be, but may be distinguished 
by its ceasing to be heard over the heart itself where un- 



covered by lung, and by disappearing or altering markedly in 
character when the patient holds his breath. Such cardio- 
respiratory murmurs must not be mistaken for true endo- 
cardial ones. 

(2) Aortic Murmurs (Pig. 40) 

{a) Obstructive murmurs occur during ven- 
tricular systole ; they are due either to obstruction of 
the ostium aortse from valve disease or to aortic dila- 
tation beyond a normally sized ostium. They are rough 
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in character ; have their area of greatest loudness at 
the second right costal cartilage near the sternum ; are 

Aortic 
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Fig. 40— Aortic murmurs. ( After IVyllie.) 


propagated with the blood-stream into the arteries; and 
may, in most instances, be readily heard over the caro- 
tids— sometimes at a much greater distance. (Fig. 41.) 

(b) Regurgitant murmurs occur during ven- 
tricular diastole ; they begin with the closure of the 



Fig. 41.— Aortic systolic murmur. 

semilunar valves, and replace in part or completely 
the normal second sound in the affected region. They 
may be best heard in the aortic area j not infrequently 
however, they are as distinctly audible over the left 
half of the sternum, at the level of the 3rd rib and 
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interspace. Their direction of selective propagation 
is towards the lower end of the sternum, though occa- 
sionally they are almost equally well heard near the 
apex ; their character is less harsh than that of systolic 
aortic murmurs. Their intensity is greatest at first, 
and gradually diminishes during the diastolic period. 
Marked regurgitation leads to auscultatory phenomena 
in the arteries [see p. 177). (Fig. 42.) 

In many instances one finds that a double 
murmur is present at the aortic orifice, the systolic 
element of which is not caused by real stenosis of the 



ostium, but by roughening and deformation of the 
valve segments, the diastolic murmur being due to 
the backward leakage through the misshapen cusps. 
This double murmur often possesses a very distinc- 
tive cc sawing 55 character. 

Austin Flint has directed attention to the presence of a 
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presystolic murmur at or near the apex of the heart in certain 
cases of aortic disease where, post-mortem, no change was 
found to be present in the mitral valve. Most probably this 
murmur indicates a dilatation of the left ventricle so consider- 
able as to render the mitral orifice relatively too narrow foi 
the cavity beyond. The condition is a rare one.* 


(3) Tricuspid Murmurs 

These are comparatively rare. 

(a) Obstructive murmurs Resemble those of 
the mitral valve, but have their maximum intensity at 
the lower end of the sternum. They have no selective 
propagation. 

(b) Regurgitant murmurs have a similar 
character to mitral regurgitant murmurs, are best 
heard in the tricuspid area, and are associated with the 
venous pulse (see p. 205). They are usually a sequel to 
disease of the left side of the heart, after compensation 
has failed. 


(4) Pulmonary Murmurs (Kg. 43) 

These are best heard in the pulmonary area, have 
no direction of selective propagation, though occasion- 
ally they are well heard as high as the 1st rib, are j 
usually systolic, and are rarely due in postnatal life 
to disease of the valve, but most often to dilatation 
of the artery beyond the valve ring. They are very 
wed heard in many cases of ^exophthalmic goitre, f 
A t diastolic pulmonary murmur of organic origin is 
excessively rare. & 

Graham Steell has directed attention to the occasional 
occurrence, m cases of marked mitral stenosis, of a diastolic 
pulmonary murmur. He attributes it to the existence of 
abnormally high pressure in the pulmonary circulation, with 
consequent stretching of the pulmonary artery. The fact that 
ins murmur is affected by coughing or other respiratory 
strain may be useful in distinguishing it from the murmur of 
aortrc regurgitation. 

* Arch, d&s Mai. dt(Coeur s ix 290. Paris, 1916 

f In these cases there is often an aortic systolic murmur also. 
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(5) Multiple Murmurs 

In a large number of cases more than one 
murmur is present during the cardiac cycle. When 
they occur at different epochs, it is easy to study each 
separately ; when two or more occur together, each 
will be found to possess its own position of maximum 



loudness, its characteristic direction of selective pro- 
pagation, and its peculiar quality of sound. (Fig. 44.) 
Each lesion, moreover, will produce more or less 
definite effects on the general circulation, and by 
observing these by the other, methods at our disposal a 
diagnosis can usually be arrived at. It must be recol- 
lected that during the last few days of life, when the 
diseased heart is acting feebly, serious lesions are often 
unaqcompanied by any murmur, the force of the blood- 
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stream being too weak to produce any vibration. 
Some murmurs vary very muck with the attitude of 
the patient ; it is therefore important to examine the 
heart in both the erect and supine positions. 

(6) Congenital Murmurs 

A patent foramen ovale may give rise to a 
murmur at the base of the heart, dependent on differ- 



Fig. 44.— Combined aortic and mitral systolic murmurs. 


ence of pressure in the right and left auricle. A mur- 
mur usually rather harsh in character, beginning after 
the commencement of systole and continuing into' the 
earlier part of diastole, best heard in the 3rd* left 
intercostal space near the sternum, and often asso- 
ciated with a distinct thrill, is caused by the ductus 
arteriosus remaining unclosed. The diagnosis of con- 
genital cardiac murmurs is often fraught with consider- 
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able difficulty. The following points may be noted 
regarding them. They are mostly systolic ; the situ- 
ation of maximum intensity and the direction of pro- 
pagation do not correspond with those of ordinary 
murmurs; whilst the fact that they are often asso- 
ciated with humming bruits at the base of the heart, 
and with an abnormal cardiac contour, may assist in 
their recognition. 

(7) Cardio-Pulmonary Murmurs 

Murmurs may be closely simulated by sounds due to 
diseased conditions in the neighbourhood of the heart, for in 
such circumstances the heart may be displaced, or it may be 
pressed upon, or its movements may through adhesions be 
communicated in an abnormal way to the lung, and induce 
abrupt movements of the air contained in its tissue and in 
the bronchi. It is also possible that a slight degree of pleural 
friction may become audible during cardiac systole if the 
roughened surfaces are situated near the apical region of 
the heart. 

Cardio-pulmonary murmurs occur at the time of cardiac 
systole. They generally begin about the middle or near the 
end of that period. They are short in duration and are best 
heard during inspiration, but a very full inspiration may 
render them faint or inaudible. 

Their commonest situation is just outside the apex beat. 
In a smaller number of cases they are only heard at the base of 
the heart, at or near the 2nd left intercostal space. Changes 
in the posture of the patient often cause them to disappear 
entirely. In arriving at a diagnosis the observer must take 
into account the condition of the lungs, pleura, and abdominal 
viscera, the phenomena observed on auscultatibn over the 
trachea, where true mitral murmurs are practically never 
heard, and the character of the pulse, which is dealt with in 
a subsequent section.* 

(8) Hcemic and Vascular Murmurs 

In anaemia several murmurs are frequently beard 
over tbe heart and vessels. One, which is of specially 

* For further details consult Fowler and Godlee, u Diseases of 
the Lungs,” p. 67 ; Coombs, Quarterly Journ . of Med,, v. 274 ; 
and Thayer, Med. Mag., xix. 747, xx. 117. 
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common occurrence, is audible in the 2nd left inter- 
costal space over or just external to the pulmonary 
area. Various theories have been advanced to 
account for it. The chief of these are — 

i. Balfour's theory, in which, accepting the view "first 
propounded by Naunyn to explain the existence of a basal 
systolic murmur in certain cases of mitral disease, it is held 
that the sound is due to regurgitation through the mitral 
valve into the left auricle, and that it reaches the ear by way 
of the auricular appendix, which for various reasons — including 
the fact that the anterior border of the left lung is often rather 
retracted in anaemia — approaches the chest wall more closely 
than under other conditions. The supporters of this theory 
have pointed out that the murmur attains its maximum 
intensity not over the pulmonary artery, as is found in un- 
doubted cases of pulmonary systolic murmurs, but farther to 
the left. 

ii. Many writers regard the murmur as due to slight 
dilatation of the pulmonary artery beyond the valve 
ring, and to a less viscous condition of the blood, which 
would accentuate the vibrations set up by such a dilatation. 

iii. Sansom * holds that the vibrations which cause the 
murmur arise in the conus arteriosus, and perhaps also in the 
semilunar valves themselves, and are due to a fibrillary tremor 
of the overstrained muscular fibres which are found in these 
regions. 

The second of the above theories has at present the greater 
number of supporters. 

Hasmic murmurs are also heard at times in the 
mitral, and much less frequently in the tricuspid and 
aortic areas, the last being particularly uncommon. 
in oil cases such murmurs are systolic in time > 

A continuous humming sound is often audible over 
the veins at the root of the neck in chlorosis. It is 
known as the “bruit de diable,” and is caused, in 
part at least, by an alteration in the calibre of the 
internal jugular vein as it passes through the cervical 
fascia. In order to hear the bruit de diable clearly, the 
stethoscope must be held very lightly, so as to exert " 
a Diagnosis of Diseases of the Heart,” p. 285. 
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no pressure, over the clavicular head of the sterno- 
mastoid muscle. Not seldom one may also hear the 
sound perfectly distinctly when the stethoscope is 
placed on the stemo-clavicular articulation, by which 
manoeuvre all possibility of creating a factitious bruit 
by pressure is avoided. 

Hsemic murmurs may arise in the larger 
arteries, and are present independently of the pres- 
sure of the stethoscope, and it seems probable that an 
important, if not the chief, factor in their production 
is a disturbance of the vaso -motor mechanism of the 
vessels. 

There are, moreover, other sounds which may 
become audible in the arteries, and which are the result 
of changes in the pressure of the blood-stream. The 
most notable instance of this is found where relaxed 
arteries are so rapidly distended by a large blood- wave 
that their walls are thrown into vibration by the 
sudden strain, and a sound is produced which corre- 
sponds with the advent of the pulse-wave. In cases 
of aortic regurgitation, where these conditions are 
most fully developed, we have also a second sound 
which occurs at the instant when the pressure once 
more falls off. This double sound, when heard in the 
femoral, is very characteristic of aortic regurgitation. 
Pressure produced by an ill-applied stethoscope often 
converts these sounds *nto murmurs. 

A murmur in the subclavian artery as it crosses the 
apex of the lung may be caused by pulmonary disease. 

When there is an aneurysmal dilatation of 
the aorta, murmurs may or may not be present, or 
the aortic second sound may be accentuated over the 
sac ; hut no definite rule holds for such cases. , When 
an aneurysm opens into another large vessel — e.g. 
the superior vena cava — the murmurs produced may 
be very loud, and are heard in unusual situations. \ 
u 
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involves the auricle as well as the ventricle, the to-- 
and-fro rub may be replaced by a triple friction sound 
(Fig. 45). # 

In pericarditis the heart’s action is apt to become 
tumultuous. When -fluid is 'poured out , the cardiac 
sounds become faint and distant. 

When air and fluid are both present in the peri- 
cardial sac — an event of very rare occurrence — a 
churning or “ water-wheel ” sound can be heard on 
auscultation. 

To distinguish between the rub of pericarditis and 
that of pleurisy over a neighbouring portion of lung 
the patient should be instructed to hold his breath. 
Pericardial friction is unchanged by this, but if it be 
of pleural origin it will either be much reduced in 
intensity or will wholly cease. On the other hand, 
deep respiration will increase the pleural sound, but 
will not influence the pericardial. 

The possible coexistence of both pleuritic and 
pericardial friction must not be overlooked. 

VI. THE PULSE 

The examination of the pulse gives us direct in- 
formation regarding two things, namely, the condition 
of the vessel walls and the amount and variations 
of pressure of the contained blood. By intelligent 
observation of these facts we can obtain very valuable 
information regarding the state of the heart and cir- 
culation, as well as the general state of the patient. 

When any observation is to be made on the pulse, 
the patient should be lying on his back, or at least 
sitting ; and, except for special purposes, should not 
have been making any effort for some little time pre- 
vious to the examination. The pulse is most readily 
felt when the patient’s forearm is pronated. In cases 
of aortic regurgitation the peculiar character of the 
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pulse {see p 199) is more distinctly brought out when 
the patient’s arm is elevated. 8 n n 

To feel the pulse, place three fingers of the risht 
hand on the patient’s radial artery at the wrist 
is immaterial whether the observer’s indeVSL be 
nearer the elbow or the hand of theStWf 
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The rate of the pulse is given as so many beats 
per minute. It is well not to begin counting imme- 
diately the finger is laid on the pulse, as the agitation 
or the patient often accelerates it at first. After wait- 
ing till it resumes its normal rate, count the beats for 
one minute, and record the result. The beat at which 
the observatmn commences should not be counted. 

ihe successive beats of the pulse may recur at 
equal or unequal intervals, giving a regular or 
irregular rhythm. In the latter case the beats 
may occur m symmetrical groups, some of the simpler 



Fig. 46. Bigeminal pulse. n trarinn lent by Dr, Byrom Braunvell, 

Students' (Jill,, Elllni of J the Flll / en 


of which have received special names : thus if there be 
two beats and a pause, recurring in regular sequence, 
we obtain the jpulsus Mgeminus (Fig. 46) ; three beats 
and a pause give th &<pulsus trigeminus (Fig. 47)* In 
other cases no such symmetry occurs. Besides the 
varying interval that may occur between consecutive 
beats, the beats themselves may be unequal in 
strength. Some beats may be weaker, and the 
weaker beats may eventually become imperceptible 
we thus arrive at pulses which may be classed 
under the previous heading (irregular pulses) ; this 
is especially true of the symmetrical types. 

Recent physiological investigations, and especially the 
researches of Wenckebach, Mackenzie, Einthoven, Ritchie, and 
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Lewis, have thrown much light on the causes of irregularities in 
rhythm and force of the pulse. In many cases a pathological 
stimulus, arising at a point in the heart other than that from 
which the normal contraction starts, leads to a premature 
systole. Thereafter the normal stimulus occurring before 
the end of the refractory phase, during which the heart 
wall is inexcitable, fails to elicit any response, and only the 
nfext following normal stimulus succeeds in inducing a con- 
traction. As the sequence of the normal stimuli is undisturbed 
by the occurrence of the pathological one, the period between 
the premature contraction and the following normal one is 
longer than the normal interval by an amount exactly equiva- 
lent to that by which the previous interval had been dimin- 
ished. The contraction due to the abnormal stimulus is 
called an “ extrasy stole.” Many cases of bigeminal pulse are 
due to the regular recurrence of such extrasystoles. 



Fig. 47.— Trigeminal pulse. 


In certain cases cardiac irregularity is due not to a patho- 
logical stimulus but to defective conductivity. This occurs 
where degenerative changes have invaded the junctional 
tissues. 

Wenckebach classifies irregularities in the period-length of 
the pulse thus • 

(1) With preservation of the regular rhythm of the heart 

(pararrhythmia). ' 

(a) In a more or less regular manner from extrasystoles., 

(b) In the form of aUorrhythmia (i.e. “regular irregu- 

larity ”) of various kinds, such as may arise from 
disturbances of the conduction, the contractility, 
or the excitability of the heart. 

(2) With a change in the rhythm of the heart. 

(a) At definite times (e.g. variations in the period), length 
due to respiration, the rate being increased during 
inspiration and decreased with expiration. Ji . 

(h) In a perfectly irregular manner. 

Ia this connection it should be observed that in many cases 
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of irregularity of rhythm in the pulse the strength of succes- 
sive beats will be found unequal, for the longer pause is 
naturally followed by a stronger beat. In such cases the 
unequal strength of successive beats is a direct result of the 
arrhythmia. Inequality in strength is of much greater import- 
ance when the rhythm is regular, or when small beats follow 
a long pause. 

The fourth observation is directed to ascertain the 
state of tlie vessel. Two points should be noted : 
first, the size (calibre) of the vessel ; second, the 
condition of its walls. 

To determine the calibre, empty the vessel of blood 
by firm pressure, and endeavour to gauge its breadth 
in the flattened state. Should this be impracticable, 
allow the blood to return below the finger, and note 
the size of the cylindrical tube. When the vessel is 
contracted the calibre is small ; when the muscular 
coat is fully relaxed it is distinctly larger. Be careful 
to ascertain that the radial artery is really under 
observation ; in a certain proportion of cases it winds 
round to the back at an unusually high level, whilst 
the superfieialis voice continues to run in the usual site 
of the larger vessel. One may thus be led into error 
if the abnormal distribution is not recognized. 

To discover the state of the walls, flatten the 
vessel arid cause the skin of the patient’s wrist to slip 
up and down over it* In health the vessel wall can 
rarely be felt unless the arm is thin. In disease one 
may feel general or local thickening, calcification, 
tortuosity, or irregular dilatations. These changes 
must be discounted when an attempt is made to 
estimate the blood-pressure in the vessel. 

Having observed the state of the vessel, one pro- 
ceeds to apply just sufficient pressure to flatten it 
between ^the beats. When this is done the increased 
blood-pressure that is present during the beat will 
cause the' blood-vessel to resume its cylindrical shape ; 
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and further, inasmuch as the vessel wall is elastic, will 
stretch it until the internal stress is balanced by the 
strained wall. 

This observation enables us to estimate the ampli- 
tude of movement of the vessel wall during the 
passage of the pulse-wave. As the elastic stretching 
of the vessel is never great, the movement chiefly 
depends on the resumption by the flattened artery of 
its cylindrical shape, and the amount of such move- 
ment is consequently greater the more dilated the 
vessel is. The force of the heart’s action also exer- 
cises a certain influence on the amount of movement, 
although to a much less degree than the relaxation 
or contraction of the coats of the artery. 

This proceeding is often described as “ observing 
the expansion ” of the pulse. 

The next point is the determination of the 
maximum blood-pressure, or force, which, of 
course, occurs during the beat. In this case three 
fingers must be placed on the artery, so that it may 
be compressed both above and below the point where 
the pulse is being felt. 

Place the finger next the wrist firmly on the vessel 
to prevent any pulse from the ulnar artery reaching 
the middle finger through the palmar arch ; let the 
middle finger rest on the vessel with such pressure as 
will render the pulse most distinct, and then gradually 
compress the artery above this point with the remain- 
ing finger, noting the pressure employed when the 
pulse ceases to be felt by the middle finger. This 
pressure, being just sufficient to prevent the blood 
from lifting the finger during the beat, corresponds 
' to the maximum blood-pressure. Only by careful 
practice on many healthy and diseased pulses cam 
the student determine whether in a given case th5P 
requisite pressure is normal, excessive, or diminished. 
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The importance of cutting off recurrent pulsation 
through the palmar arch must never be overlooked. 
It is most likely to occur in cases where, owing to vas- 
cular dilatation, the blood-pressure is unusually low, 
and thus if neglected would lead to serious error, as 
the middle finger would continue to feel the pulse 
even when the upper finger exerted great pressure. 
As a natural consequence the observer would greatly 
overestimate the maximum blood-pressure in the 
vessel. It is worth noting that this recurrent pulse 
is frequently present in chlorosis. 

It is rather more difficult to estimate the mini- 
mum blood-pressure, or tension. One thing 
may be remembered — namely, that in cases where the 
maximum pressure is low the minimum must be still 
lower ; this rule must not, however, be extended to 
an assertion that a high maximum will necessarily 
involve a high minimum pressure. 

To test for the minimum pressure, one may attempt 
to roll the vessel from side to side under the fingers 
between the beats. When the pressure is low, one 
cannot feel the vessel at all ; if it is high, it may feel 
as hard as a piece of whipcord. Of course, one must 
be careful not to be misled by thickening of the wall 
of the artery. 

Another method »which gives good results, and 
which may be more easily appreciated by many, is to 
feel the pulse first with light, then with moderate, and 
finally with considerable pressure of the fingers on the 
artery. A pulse of low tension (i.e. with a low minimum 
pressure) is best felt in the first case, for the light pres- 
sure is sufficient to flatten the vessel between the 
beats, whilst it allows the artery to resume its cylin- 
drical shape without much resistance during the beat# 
and is thus favourable to the development of the great- 
est possible amplitude of movement ; whilst on the 
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contrary, where the tension is high, considerable pres- 
sure is required to flatten the vessel between the beats* 
But one obtains the greatest amplitude of movement 
precisely when the vessel is thus flattened, and so in 
a high-tension pulse the more firmly one presses the 
more forcible does the pulse appear to grow. 

A normal pulse, lying as it does between these 
extremes, is best developed when moderate pressure 
is applied. 

The difference between the maximum and mini- 
mum blood-pressures is often called the “pulse- 
pressure.’* 

When all these points have been detemined, 
one should conclude by studying the general 
character of the pulse-heat. This is divided 
into three periods : first, the period during which 
the blood-pressure is rising ; second, the period at 
which the blood-pressure continues near its maxi- 
mum ; and last, the period during which the blood - 
pressure once more falls off. 

The amount of movement having been already 
observed, one tries to estimate the rapidity of the 
rise of pressure, describing the rise as abrupt, rapid, 
moderate, or slow. In cases where it is abrupt it will 
be found that the pulse is of low tension ; where it is 
slow, either the pulse is one of high tension or an 
aneurysm is present. The latter condition may cause 
the rise to be excessively gradual. It is only in 
aneurysm that the rise of pressure may be as gradual 
as the subsequent fall. 

As regards the period at which the pressure re- 
mains near its maximum, the point to be observed 
is whether the pressure is well sustained, or, whether, 
ton the other hand, it has no sooner attained ifs highe^t^ 
value than it begins to fall off again with rapidity. v 

In the third period one observes whether the fall of 
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pressure is swift or gradual. During the fall, instead 
of continuous decrease, there may be oscillations of 
pressure, which, in marked cases, are quite perceptible 
to the finger as distinct impacts following the primary 
stroke of the pulse. Of these the most noteworthy is 
that known as the dicrotic wave. It is best marked 
in pulses of low tension (provided there is not aortic 
regurgitation), and is most readily felt when the finger 
is very lightly applied to the vessel. Where not 
readily perceived, it is often accentuated by occluding 
the vessel on the distal side by the lower finger, whilst 
the middle and upper ones remain lightly applied. 

The secondary wave which the finger detects with 
the next greatest frequency is the tidal or pre- 
dicrotic wave. It occurs in certain pulses of high 
tension where the blood escapes slowly from the con- 
tracting ventricle, and is very characteristically pre- 
sent in aortic stenosis. In opposition to the dicrotic 
wave, it is best felt when considerable pressure is 
applied to the artery, and thus there is no difficulty 
in discriminating between the two. 

Besides these, in pulses of high tension there are 
frequent fluctuations of pressure at a period subse- 
quent to that in which the dicrotic wave occurs. 

These can sometimes be detected by the fingers, 
but it requires much practice to recognize them. They 
are visible enough in good sphygmographic tracings. 

The typical pulse of a healthy adult man should 
be described in some such terms as the following : — 

The rate is 70 per minute. The beats are regular 
in rhythm and equal in strength. The expansion is 
moderate in amount. The vessel is not tortuous, its 
walls are not rigid or thickened, and between the beats 
it is just possible to feel it. It is of medium size. The 
passage of the pulse-wave can be arrested by mode- 
rately firm pressure, and the beat is best felt -when a 
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medium degree of pressure is applied : in other words, 
the force and tension are both moderate. With regard, 
to the general character of the pulse, the nse of pres- , 
sure is neither abrupt nor very gradual, it is fairly 
well sustained, and its fall is gradual but not very 
tardy. No conspicuous oscillations of pressure are 
discernible during the time of subsidence. 

The advantage o£ an instrument which could be used in 
clinical work for the accurate measurement of the arterial 
blood-pressure both during and between the beats has long 
been recognized. We are now in possession of several which, 
though they cannot be wholly free from risks of error, are yet 
sufficiently trustworthy to ofier a very material assistance in 
the estimation of blood-pressure, J and, whilst supplementing 
and confirming observations which have been made by 
finger, have the additional advantage of yielding their resu s 
in a form capable of being definitely recorded. 

Of these instruments the most suitable for clinical use are 
one or other of the modifications of Riva-Rocci’s sphygmo- 
manometer for the estimation of the maximum pressure, 
Dr. H. French’s model * being the most conveniently port- 
able ; Oliver’s hsemomanometer, which can be used to esti- 
mate both maximum and minimum pressure ; and racnon s 
sphygmometric oscillometer, which also serves to estimate 
both pressures, but is specially designed for the determination 1 , 
of the minimum pressure. # n . 

For hospital work, probably the best instrument is y. A. 
Gibson’s sphygmomanometer, which by means of a revolving 
drum takes a permanent record, and which serves to estimate „ 
both the systolic and diastolic pressures. 

1. Riva-Koeci’s sphygmomanometer (modi- 
fied). This consists of a mercurial manometer, an armlet for 
compressing the upper arm, and a double-valved bulb to 
inflate the armlet. The armlet should be about 4£ in. broad, 
as narrow armlets introduce very serious errors, especially 
in the case of high-tension pulses. A valve, by means of 
which the pressure in the armlet can be gradually reduced, 
is attached to the manometer, and the various parts are 
connected by means of rubber tubing. 

Method of use : Fix the armlet securely on the upper arn5^ 

* Supplied by Messrs. Down Bros., Ltd., St. Thomas’s Street, 
London. 
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and gradually raise the pressure until the pulse can no longer 
be felt at the wrist. Note the manometer reading at the 
moment the pulse disappears. Increase the pressure a little, 
and then, by means of the valve, again reduce it very gradu- 
ally, until the return of the pulse is observed, when a second 
reading of the manometer is taken. As it is easier to detect 
the first return of the pulse than its final disappearance, the 
second reading is, as a rule, the more accurate of the two, 
but the first one is a very useful check in case of a faulty 
observation. 

2. Oliver’s heemomanometer is a modification 
of the Riva-Rocci instrument. The column of mercury is 
replaced by a spirit index which shows the changes that 
occur in the volume of air in a closed chamber as the pressure 
in the interior of the system is varied, and which is graduated 
to give readings in millimetres of mercury. The air-pressure 
is raised or lowered in the armlet by means of a bellows reser- 
voir which is compressed or expanded by turning a screw. 
This forms a marked improvement on the ordinary bulb. 

The chief advantage of the apparatus is that, owing to the 
small inertia of the air and spirit index, and to the openness 
v of the scale, it is easy to determine the pressure at which the 
> excursions of the index attain their widest range, and thus to 
arrive at an approximate estimate of the minimum blood - 
pressure. 

* 3. Faction's spliygmometric oscillometer* 

If Fig. 48). — This' consists of a metal chamber connected with 
the armlet, with the pressure pump, and with an ordinary 
gmetallic manometer which indicates the air-pressure within 
§§&. Wholly enclosed in the metal chamber is a sensitive 
manometric capsule with its pointer and scale, the latter 
being visible through an^ air-tight window in the chamber 
wall. The external surface of the capsule is thus always sub- 
jected to the same pressure as that of the air within the 
chamber. The interior of the capsule communicates directly 
with the air in the armlet by an independent channel. By 
means of a separator the metal chamber can be disconnected 
from the armlet without altering the pressure of the air con- 
tained in it, and the pointer of the enclosed capsule then 
moves freely with any oscillations of pressure caused in the 
armlet by the expansion and contraction of the artery in the 
limb to which it is applied. Before any alteration is made in 
the pressure within the chamber its connection with the armlet 
* Supplied by Gr. Boulitte, 7, Rue Linne, Paris. 
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must be re-established. Under these conditions it is found 
that, as the pressure in the system is gradually raised, the 
oscillations of the pointer are at first very slight. At a cer- 
tain point, however, where the pressure approximates to 
the diastolic blood-pressure, the movements suddenly become 



Fig. 48.— Pachon’s sphygmometric oscillometer. 

•a, armlet; b, airtight metallic chamber; o, sensitive manometric capsule a n a J 
index; m, ordinary manometer showing the pressure within b; p, pump ; 
s, separator to disconnect b from a and o ; r, valve to allow escape of 
compressed air. 

much larger when the chamber is disconnected, and these 
large oscillations* gradually attain a maximum as the pressure 
is further increased. Thereafter they slowly fall off, and 
eventually disappear abruptly when the air-pressure reaches 
that of the systolic blood-pressure. These movements are 
diagram matically represented in' Fig.' 49, where the large 
oscillations lie between a and c. The part to the left of a 
represents the small movements observed when the air-pressure^ 



Fig. 49.— The upper part represents the oscillometer movements ^ of 
the instrument shown in Fig. 48, the lower part the corresponding 
auscultatory phenomena. ( Modified from Gcilldvardin.) 

is distinctly less than the diastolic blood-pressure, and that 
to the right of c the disappearance of the oscillations when the 
air-pressure exceeds the systolic blood-pressure. In prac- 
tice, while the maximum blood-pressure is usually easily 
determined by this apparatus, it is doubtful whether the true 
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minimum blood-pressure is to be taken as corresponding to 
the manometer reading observed when the large oscillation? 
reach their greatest amplitude at b, or — as Professor Pachon 
himself suggests — at the point a, where the first large oscilla- 
tion is noted as the pressure in the system is raised. 

4. G. A. Gibson's recording: sphygmomano- 
meter*— This consists of an armlet and compression pump 



Fig. 50. — Reduced tracing from recording sphygmomanometer. 

(Supplied by Dr. G. A. Gibson .) 

Below the base line of the manometer-tracing is the pulse-tracing. The arrow 
beneath it indicates the point where it attains its full amplitude : some 
observers take this point as corresponding to that of minimum _ blood- 
pressure. The scale shows l&e Bystolic p#ssure to be 180 and the diastolic 
110 millimetres. 


connected directly with a mercurial manometer. A float pro- 
vided with a recording needle is placed in the open limb of 
the manometer and traces the pressure curve on a rotating 
drum. A base line is first marked out by allowing the drum 
to revolve whilst the pressure is at zero ; the pressure of any 
point on the curve which is subsequently traced is then 
obtained by measuring the height of the point above the 
base line and multiplying the result by two as the mercury 
is depressed in one limb of the manometer to the same extent 
as it is raised in the other. 
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A small pneumatic pad or tambour placed on the radial 
artery at the patient’s wrist, or on the brachial just above 
the elbow, is connected with a recording tambour which 
inscribes the beats of the pulse on the drum directly below 
the pressure-recording needle. The drum being set in motion, 
the pressure is rapidly raised to a point above that at which 
the pulse-beat is arrested, and thereafter the compressed air 
is allowed gradually and continuously to escape. The point 
corresponding to the systolic blood-pressure is marked by 
the first returning beat of the pulse, and almost at the same 
moment the pressure-recording needle will be seen to oscillate 
more freely than before. The oscillations increase in ampli- 
tude until a maximum is reached, and thereafter they again 
diminish, and eventually become quite small. The minimum 
pressure is assumed to correspond with the largest oscillation, 
and is measured by the height (doubled) of the centre of that 
oscillation above the base line. A tracing, reduced to the pro- 
portion of one-third, is shown in Fig. 50, where c represents 
the maximum blood-pressure, b the minimum blood-pressure, 
and a the lower limit of the large oscillations. 

Instead of using a recording apparatus, or reading the 
range of the large oscillations on a manometer, one can often 
arrive at an approximate estimate of both the maximum and 
minimum blood- pressures by combining the use of an ordinary 
Riva-Rocci instrument with auscultation. The method is as 
follows : Apply the Riva-Rocci instrument in the ordinary 
way, but place the chest-piece of a binaural stethoscope or 
phonendoscope upon the brachial artery just above the bend ’ 
of the elbow. Raise the pressure in the armlet to a point 
above that at which the pulse at the wrist ceases to be felt, 
and then, whilst auscultating, gradually reduce the pressure. 
It will be found that, as the pressure falls, faint arterial sounds 
are first heard, then these sounds bgcome slightly louder and 
are associated, as a rule, with short and soft systolic mur- 
murs. At a slightly lower pressure the sounds will become 
much louder and sharper, and this increase in intensity is 
usually abrupt and highly characteristic : the loudness quickly 
reaches a maximum, and then falls off more or less rapidly. 
Finally the loud sounds disappear, sometimes suddenly, at 
other times rather more gradually, and are replaced by sounds 
which are fainter and different in quality, and these in turn 
soon vanish as the pressure is lowered still further. The first 
faint sounds accurately mark the return of blood during - 
systole, and thus indicate the maximum blood-pressure ; the 
loud and sharp sounds correspond to the large oscillations of 
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the sphygmometric oscillometer and afford the same data 
for the determination of the minimum blood-pressure. (See 
Fig. 49.) 

In some cases the mere application of the finger to the 
brachial artery yields information which closely resembles 
that obtained by the stethoscope. Usually this procedure is 
less sensitive than the auscultatory method, but occasionally 
it proves more exact. 

In all the above determinations it is essential to work as 
quickly as is compatible with accuracy, as compression of a 
limb induces a rise in blood-pressure. This rise is estimated as 
amounting to 5 mm. during the first minute, and in long 
observations under exceptional conditions of blood-pressure 
may attain as much as 20 mm- In view of this fact an obser- 
vation should only be repeated after the lapse of a con- 
siderable interval.* 

It has been shown that instruments whose readings depend 
on compression of a limb by means of a cuff are fairly reliable, 
and that the allowance for errors induced by the resiliency 
of the tissues and the rigidity of the arterial walls does not in 
ordinary cases exceed 10 mm. It should, however, be noted 
, that in cases where the vessel wall is much thickened the error 
may be considerably greater. Where there is marked oedema 
the value of the readings can only be accepted with consider- 
able reserve ; and in cases where, as in tetanus, the muscles 
cannot be relaxed, no reliance can be placed on the records 
obtained. 

The arterial pressure should be observed when the patient, 
free from excitement, is quietly resting. It should be taken in 
both the recumbent and standing postures, in order to deter- 
mine whether the compensation for the influence of gravity is 
perfect. The pulse-frequency should be noted in each case, 
and the point at which the compression is applied should be 
placed on the same level as the heart. 

Several instruments have been designed to estimate the 
blood-pressure in the veins, but, for ordinary work, a fair 
approximation can be made by slowly raising and lowering the 
hand whilst watching the filling and emptying of the veins on 
its dorsum. They will gradually be observed to collapse when 
the hand is raised to a height of about 5 to 10 cm. above the 
sterno-xiphoid articulation, and to refill when brought slightly 
below that level. 

* See , however, Gallavardin and Haour, Arch . des Mai. du> 
Ccem\ v. 81. Paris, 1912. 
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VII. THE USE OF THE SPHYGMOGRAPH 

For permanent record, and also to aid in the 
analysis of details, it is desirable to employ a sphygmo- 
graph as well as to feel the pulse in all cases where the 
state of the heart and vessels is an important factor. 
Numerous types of sphygmograph are no w in use, but 
only Marey’s and Dudgeon’s will be described here, 
these being the ones most frequently employed.* 

In Ularey’s sphygmograph the pad which 
rests on the artery acts on a long lever, the farther 
end of which traces the pulse-curve on smoked paper 
that is held in a frame driven by clockwork. In 
Dudgeon’s the same result is obtained by connects 
ing two shorter levers in such a manner as to magnify 
the movement of the pad fifty times. The end of the 
lever in Marey’s instrument describes the Arc of a 
circle ; in Dudgeon’s, owing to the mechanical device 
employed, the style moves backwards and forwards 
in a straight line. Of the two instruments, Marey’s 
sphygmograph gives the more accurate trace, but 
Dudgeon’s is easier to apply. 

The following description of the method of using each will 
aid the student in applying them : — 

1. Marey’s instrument. — The patient should sit or lie 
down* Place the arm support on a table of suitable height 
beside the patient. Loosen any tight garments about the 
patient’s arm, which must be bared*to above the elbow. Place 
the arm supine on the support, with the back of the wrist at 
the highest part. Semiflex the fingers. Mark the line of the 

* A modification of Dudgeon’s sphygmograph has been intro- 
duced by Jaquet, and has the advantage of possessing a lime- 
marker actuated by a separate mechanism which enables accurate 
measurements to be made of the exact duration of the various 
events recorded in the tracing. As the recording paper often 
advances with considerable irregularity in speed, this is an impor- 
tant improvement. A larger form of Jaquet’ s instrument is also 
made, in which by the aid of tambours tbe apex beat of the heart, 
or tfie respiratory curve, and the jugular pulse can be recorded 
simultaneously with the radial pulse. 
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radial on the skin, and draw a cross line where the pad of the 
sphygmograph is to rest. Wind the clockwork and adjust the 
paper on the instrument.* Place the pad of the sphygmograph 
very accurately in position, with the lever pointing up the arm 
towards the elbow, and fix the instrument in its place by non- 
elastic bands. Adjust the pressure of the pad, by means of 
the screw or milled head, until the lever affords the maximum 
range of movement. Adjust the level of the style, after re- 
coupling it with the pad, so that the movement of the lever 
takes place opposite the smoked paper, and see that the style is 
in contact with, but does not press too heavily 'on, the latter. 
Before varnishing the trace, note patient’s name, the date (and 
time of day), whether right or left radial, pulse-rate, respira- 
tion, and approximate pressure employed, f Ordinary quick- 
drying negative varnish, as used by photographers, is em- 
ployed to fix the trace, the paper being dipped into a jar of 
varnish, or laid, trace upwards, in a saucer containing some. 

2. Dudgeon’s instrument.— (1) Wind up the clock- 
work. 

(2) Insert one end of the smoked paper (smoked side upper- 
most) on the right-hand side of the instrument between the 
roller and the small wheels. 

(3) Make the patient hold out either hand open,' and in any 
easy position, palm upwards, the fingers pointing towards 
you, and tell him not to move the wrist or fingers. 

(4) Ascertain and mark the precise spot where the radial 
artery beats at the wrist. 

(5) Slip the band, the free end of which has been drawn 
through the clamp, over the patient’s hand. 

(6) Adjust the pressure of the spring. 

(7) Place the pad on the artery, the clockwork case being 
nearest the elbow. 

(8) Betain the instriftnent in place with the right hand ; 
tighten the band sufficiently with the left, and clamp by means 
of the screw with the right hand. When the band is correctly 
tightened, the needle will oscillate over the paper. If the 
tightness is nearly but not quite correct, bend the hand back- 
wards at the wrist to increase the tension, or forwards to 
diminish it. 

♦The paper is best smoked over a small piece of burning 
camphor, which may, if necessary, be moistened with a drop 
of alcohol. 

■ t The nominal pressure as given by the index on the screw 
is not even approximately correct, hut if the same instrument 
is always used the results are comparable to some extent. 
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(9) Set the paper in motion by releasing the catch thal 
controls the clockwork. 

(10) Let the paper run through unassisted, and catch it ii 
your hand as it passes from the instrument. Generally the 
patient’s hand must be supported whale the tracing it 
taken. 

(11) Stop the clockwork as soon as the paper has passed. 

In a pulse-tracing, rise of blood-pressure will be 
represented by an upstroke, and fall by a downstroke. 

Bearing this in mind, the student will readily 
understand the main outlines of a healthy pulse- 
tracing. The pressure rises fairly rapidly ; therefore 
the upstroke, when the paper is driven forward at the 
usual speed, is nearly, but not quite, perpendicular. 
The percussion wave is quickly followed by what is 
known as the tidal (or predicrotic) wave ; these are 
not separately distinguishable by the finger in health ; 
the sphygmograph, however, indicates their existence 
by a notch at the beginning of the downstroke. There^ 
after the pressure begins to fall off, but at the moment 
when the aortic valves close the decrease of pressure 
is arrested, and a positive (dicrotic) wave is propagated 
into the vessels ; this condition is recorded by a small 
break in the descent of the downstroke of the tracing. 
The foot of the notch immediately before the dicrotic 
upstroke indicates the time when the aortic valves 
close. After this rise the line # again curves down- 
wards, often exhibiting slight secondary oscillations, 
until a new upstroke marks the arrival of the next 
pulse-wave. Ordinarily the blood-pressure requires 
much longer to fall than to rise, hence the downstroke 
is much less vertical than the upstroke (Fig. 51). 

A line joining the lowest points of the upstrokes of 
successive pulse-beats on the tracing is often known 
as the respiratory line. In health it is usually straight, 
but where the blood-pressure is low and the patient is 
suffering from dyspnoea it becomes undulating, rising 
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to a higher level during expiration and sinking again 
during the period of inspiration (Pig. 52). 






f Fi&,51. — Normal forms of pulse. {Mahomed.) 


In health a pulse-tracing taken with suitable pres- 
sure has a 'sharp apex, a small tidal wave, and a mode- 
rately distinct dicrotic wave. A rounded apex, in 
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most cases, means either excessive pressure of the 
spring, or bad application of the instrument (see, 
however, p. 200). 



Fig. 52.-- Low-tension pulse. 


The upstroke is longer and steeper than usual when 
the ventricle discharges a larger volume of blood than 



Fig. 53.— High-tension pulse. 


normal into the arteries, and when the arterioles are 
dilated (low tension) (Rig. 52). 
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The upstroke is shorter and less steep when the 
heart acts feebly or when the aortic ostium is sten- 
osed, so that less blood than usual is delivered in a 
given time, and also when the blood-pressure is high 
and undue opposition is thereby offered to the outflow 
from the heart (Fig. 53). 

In conditions where the minimum blood-pressure is 




Fig. 54.— Aortic stenosis. 


low, the dicrotic wave is well marked ; where it is 
high, the dicrotic wave is small, and secondary oscil- 
lations are present. 

The following conditions present characteristic 
tracings : — 

, 1« Aortic stenosis* Small amplitude, sloping 
upstroke, tidal wave well developed, and often higher 
than primary apex (anacrotic pulse) (Fig. 54). , 

2. Aortic incompetence. Great amplitude, 
abrupt upstroke, rapid fall, little or no dicrotic wave. 
This^is known as the water-hammer, collapsing, or 
Corrigan pulse (Figs. 55, 56). 

3. Mitral disease* Small amplitude, with 
moderately steep upstroke, the secondary waves 
rather slight, the successive beats unequal and 
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irregular,' especially when failure of heart is threaten- 
ing to set in. In mitral stenosis the vascular 
te nsi on tends to be higher than in mitral incom- 
petence* (Eig. 57). 



Fig. 55.— Aortic incompetence. 


4. Aneurysm of the ascending or transverse 
aorta generally affects the pulse in the implicated 
radial, where the impulse is delayed, whilst the rise 
is gradual, the amplitude less, and the apex rounder 
than in the unaffected radial (Fig. 58). 

* The characters of the pulse in mitral disease are very vari- 
able, and space forbids any complete analysis of the subject here. 
In general, however, it may be said that the irregularities are 
most, often due to extrasystoles, but that in certain cases they 
arise from slight degrees of heart-block, as is evidenced, by the 
lengthening of “ the ct-c interval ” (p. 209). 
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5. Arterial atheroma of 

the great vessels, by abolishing 
the modifying effect of their 
elasticity, renders the tracing 
similar to one taken from the 
pressure curve of the left ventricle. 
This is known as the senile pulse 
(Fig. 59). Aortic atheroma com- 
bined with a moderate degree of 
incompetence gives a pulse which 
is like that of atheroma, but with 
sharper apex. 

Several types of pulse have 
received special names ; of these 
the following are amongst the 
more important : — 

1. Pulsus bisferiens. The 
tidal wave is felt separately from 
the primary impact. The tracing 
is characteristic, and is often ob- 
served in cases of aortic stenosis 
(Kg. 60). 

2. Pulsus dicroticus. The 

dicrotic wave is exaggerated (see 
p. 187) (Fig. 61). 

3. Pulsus anacroticus. 
The tidal wave is more forcible 
than the percussion wave. Con- 
sequently the latter, instead of 
appearing at the summit of the 
sphygmographic tracing, produces 
an indentation in the upstroke of 
the curve whose apex is formed 
by the tidal wave. The condition 
is found in pulses where the tension 
is high, and, like the pulsus bis- 



Fig. 56. — Aortic incompetence ; compensation established. 
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feriens, is frequently associated with aortic stenosis. 
It is s most important to distinguish from the true 
anacrotic pulse those cases where one finds that, from 



Right side. 

Fig. 58. —Pulse in aneurysm (left subclavian). 


the rapidity of the heart’s action and extreme low 
tension, the pulse exhibits hyperdicrotism. 

4. Pulsus ceter. The pressure is ill sustained ; 
the up and down strokes are therefore abrupt. 










the sphygmograph 


.202 



Fig. 61 .— Dicrotic pulse. 
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5. Pulsus tardus. The rise of pressure is gra- 
dual, the su mmi t is well sustained, and the fall of 
pressure is slow. 

6. Pulsus bigevniiius. There are two heats 
and a pause. The two beats may be alike, or they 
may differ in force (Fig. 46). 

7. Pulsus trigeminus. Three beats and a 
pause (Fig. 47). It must be clearly kept in mind that 
the bigeminal and trigeminal pulses are simply names 
for clinically observed sequences of pulse-beats. They 
do not connote any particular state of cardiac derange- 
ment, but result from various types of cardiac irregu- 
larity which differ in nature and importance. 

8. Pulsus intermittens. A pulse -beat is 
absent from time to time in the tracing. It does not 
follow that the cardiac systole is also entirely absent. 
Marty cases of intermittent pulse are due to special 
types of “ extrasystole.” 

9. Pulsus altemans. The beats are regular 
in time but unequal in strength. When the alter- 
nation persists for a considerable period, it indicates 
a disorder of the contractile power of the heart muscle, 
and not merely a passing disturbance of the regulating 
nervous apparatus. It should be regarded as a grave 
condition indicating serious embarrassment of the 
heart, either as a result of previous damage to the 
heart muscle or of a demand ?or effort which it can 
barely meet. Acceleration of the heart may reveal 
the existence of a latent pulsus alternans. 

10. Pulsus frequens. The pulse is very rapid. 
The increase in rate may be due to very various car- 
diac conditions ; in some cases it may be traced to 
the nervous mechanism, in others to undue irritability 
of the muscle, and in yet others to the presence of ... 
repeated pathological stimuli such as have been re- 
ferred to under “ extrasystole.” In extreme cases 
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the sequence of contractions may be so rapid that the 
fall in pressure succeeding the dicrotic wave is not 
developed, and the next upstroke of the pulse is 
superposed upon the summit of the dicrotic wave. 
In this way the so-called monocrotic pulse is 
produced. 

11. Pulsus rarus. The pulse is abnormally 
slow. In some cases the retardation is due to the 
nervous mechanism of the heart, in others to a 
failure in the conductivity of the heart muscle. Of 
the latter a very serious type is that where the atrio- 
ventricular bundle, which carries the impulse from 
the auricles to the ventricles, fails to conduct nor- 
mally, and the ventricular contraction is consequently 
either delayed or wholly absent, producing in extreme 
cases the condition described as “ heart-block.” 

12. Pulsus paradoxus. The pulse becomes 
smaller or disappears at the end of inspiration when 
the patient breathes deeply. It occurs in pericardial 
adhesion. 

13. The pulse is described as wiry when the 
vessels are contracted and the heart-beat is rapid and 
moderately strong. This may occur in peritonitis. 
When the heart gets weak, whilst the other conditions 
continue, the pulse grows thready, but at the same 
time the blood-pressure generally begins to diminish. 

14. The pulse is said to be running when the 
vessels are relaxed and the heart’s action is weak and 
iairly rapid. 

VIII. THE VENOUS PULSE 

In a considerable number of cases where the circu- 
lation of blood through the right side of the heart is 
interfered with, either from valvular disease or from 
increased blood-pressure in the pulmonary circulation, 
the embarrassment manifests itself by distension or 
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pulsation in the veins. From their size, nearness to 
the heart, and comparatively superficial situation, the 
veins of the heck offer special facilities for the study 
of these phenomena. 

Whilst inspecting the root of the neck the observer 
has already had an opportunity of noting these ap- 
pearances where they exist, but the several varieties 
and degrees of disturbance in the venous circulation 
must now be more completely distinguished. A mere 
flicker of pulsation at the root of the neck when the 
patient is recumbent is common enough even in per- 
fect health, and must not, in the absence of further 
evidence, be regarded as indicating any disease of the 
heart. When, however, the pulsation passes farther 
up, the case is entirely altered. Two points must then 
be noted — first, whether there is actual regurgitation, 
or merely retarded emptying of a full vein during the 
beat of the heart ; and second, the exact moment at 
which the pulsation occurs with reference to the apex 
beat. Sometimes there is no difficulty in distinguish- 
ing between regurgitation and simple undulation 
in the vein. In bad cases of tricuspid incompetence, 
a mere glance at the patient will at once reveal the 
nature of the phenomenon. Where the conditions are 
less urgent, and the distinction is less readily deter- 
mined, a simple plan is to empty the vein from below 
upwards by running the finger along it, and then to 
keep its upper extremity closed by the pressure of 
the finger, so that no blood can enter it from the peri- 
phery. In cases of simple undulation, the vessel either 
remains empty and collapsed, or at most refills very 
gradually as small collateral branches discharge their 
contents into it. Where, however, there is true pulsa- 
tion, the valves at the root of the neck have ceased to, 
be competent. As a consequence of this, coupled with " 
the overloaded state of the right heart, .a backward 
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wave of blood is forced into the vein, which refills from 
below with a series of bounds corresponding to the 
beats of the heart, and after three or four pulsations is 
again distended and pulsating as vigorously as. ever, 
although the observer’s finger continues to maintain 
the peripheral closure. 

Generally, venous pulsation at the root of the neck 
is best observed when the patient is lying down with 
the head only slightly, if at all, raised on a pillow. In 
extreme cases, however, it may happen that in this 
attitude the veins remain so distended throughout the 
whole cardiac cycle that the phenomena are thereby 
masked, and in such instances the pulsation may 
return when the patient once more assumes the 
erect position. 

The venous pulse occurs in two principal forms, 
known respectively as the auricular and the ventricu- 
lar type of venous pulse. In the auricular type 
a wave appears in the vein at the instant of auricular 
systole. Soon after this wave has reached its summit, 
and when it is beginning to fall off, it is reinforced by 
a second wave which corresponds in time to the oc- 
currence of the carotid pulse, and which is probably 
due, at least in part, to that cause. Thereafter the 
pressure again falls, and often reaches its minimum 
towards the middle of ventricular systole. The pres- 
sure once more rises near the end of ventricular systole, 
the exact time of this second rise depending on the 
rate at which the auricle and veins fill up with blood, 
when the outlet into the ventricle no longer exists, or 
when- regurgitation occurs; it then falls off some- 
what during ventricular diastole, to rise once more at 
the commencement of the next cardiac cycle with 
auricular systole. These conditions may be traced in 
relation to the events of the cardiac cycle, when the 
sequence will resemble that of Fig. 62, where the upper 
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tracing represents diagrammaticaliy the movement of 
the recording lever of a suitably adjusted tambour 
applied to the pulsating vein, whilst the lower part 
indicates the events in the cardiac cycle which corre- 
spond to the various parts of the curve so obtained. 

The details of individual tracings differ greatly ; 
in some one part of the curve, in others another part, 
being specially emphasized. It therefore becomes neces- 
sary, in order to identify the various oscillations in the 



venous tracing, to take a simultaneous tracing of the 
radial pulse on the same strip of paper. In all doubt- 
ful cases a further double tracing should be made of 
the radial and carotid pulses, sft that their time rela- 
tion to each other may be ascertained. As a general 
rule, the carotid wave will be found to occur about 
one-tenth of a second earlier than the radial pulse. A 
wave preceding the carotid wave by about one-fifth of 
a second is ordinarily due to auricular systole ; and a 
wave following it, to the accumulation of blood in the 
veins and auricle during ventricular systole. 

The ventricular type of venous pulse is charac- 
terized by the absence of the wave which occurs during 
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auricular systole, and by the fact that the principal 
summits of such waves as are present fall within the. 
period of ventricular systole. The occurrence of this 
form of venous pulse is proof either that the auricle 
is unable to contract and propel its contents into the 
ventricle, or that, in consequence of some derangement 
of the mechanism of the heart-beat, the auricle and 
ventricle are contracting simultaneously. 

In venous pulse-tracings the various waves arc 
usually designated by the following letters. The 
auricular wave is marked a. The carotid pulse-wave 
is marked c. The wave occurring during ventricular 
systole is marked v. The trough or negative wave 
^ between a and c is marked x. The trough between c 
and v is marked x'. The trough between v and a is 
marked y, A small wave is sometimes noted between 
v and a , and has been specially investigated by 
Eredericq, Hirschfelder, and Gibson. Its causation is 
uncertain, and it is usually designated by the letter 
b or h. This b wave must be distinguished from an a 
wave which has not been followed by a ventricular 
contraction. The interval which separates the com- 
mencements of the a and c waves is known as the a-c 
interval. It is of importance as determining the time 
which elapses between the commencements of the 
auricular and ventricular contractions. If this is 
found to exceed 0-3 second, one is justified in assum- 
ing that the ventricular systole is delayed, and one 
may infer that the conducting mechanism of the heart 
has become impaired. If, however, there is any doubt 
of the .character of the wave which is supposed to be 
the a wave, a diagnosis should not be made until an 
electrocardiogram has been taken. The summit of 
$he xt wave is important as marking the commence- 
ment of ventricular diastole, for as soon as the tri- 
cuspid valve opens the wave begins to fall* 
o 
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The venous pulse is best studied by means of Mackenzie s 
ink polygraph.* This consists of a metal case containing two 
independent pieces of clockwork, one of which actuates a 
time-marker indicating fifths of a second, the other drives a 
long strip of paper beneath the writing pens at a rate which 
can be controlled by the observer. The movements of the 
radial pulse are transmitted to the polygraph through a pad 
attached to a spring, similar to that of a Dudgeon sphygmo- 
graph, which is applied to the wrist by a small splint. The 
movements of the pad are directly transmitted to a tambour 
which is attached to the splint, and thence by means of rubber 
tubing to a receiving tambour fixed to the polygraph, and 
provided with a lever and writing pen. The venous pulse is 
transmitted to a similar recording tambour connected by 
tubing with a small shallow cup or “ receiver,” which is 
applied to the pulsating area. There are thus simultaneously 
inscribed on the strip of paper a time record and two tracings, - 
one of the arterial, the other of the venous pulse. In using 
the instrument the two writing pens must be made to move 
across the strip of paper before the clockwork is started, in 
order that a line may be marked by each from which measure- 
ments can subsequently be made. As the pens do not move in 
a straight line, but along the arc of a circle, the necessary 
allowance must be made for this if the measurements are to 
be accurate. 

The receiver which is used to transmit the jugular pulsa- 
tions must be very lightly applied. If it is held too firmly 
against the neck the tracing will show the carotid and not thd 
venous pulse. ' \ 

In certain circumstances a venous pulse of totally? 
different origin may be present. This is known as the 
centripetal venous pulse, and is due either to 
great dilatation of the arterioles, so that the arterial 
pulse passes through the capillaries and is visible 
even in the veins, or to an aneurysmal varix, whereby 
direct communication occurs between an artery and 
a vein, and the pulse-wave of the artery reaches the 
vein by this channel. The observer can have no great 
difficulty in recognizing the nature of such centripetal 
pulsation. 

* Supplied by Mr. Shaw, instrument maker, Padiham, Lancashire. 
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IX. SYMPTOMS AND SIGNS OF THE PRIN- 
CIPAL DISEASES OF THE HEART 

1. Valvular diseases, (a) Aortic incompe- 
tence. — The patient complains of attacks of giddiness, 
is often pale, and his arteries pulsate. Capillary puls- 
ation may he observed. The apex beat is displaced 
downwards and outwards, and has a heaving char- 
acter. The left border of the heart is farther out than 
usual. A murmur accompanies the second sound, as 
has been elsewhere described, and the pulse exhibits 
a “ water-hammer ” character. 

(b) Aortic stenosis. — Here the apex beat is rather 
weak, and the displacement less notable than in the 
last condition. The arteries are small, and the ten- 
sion of the pulse, before compensation is destroyed, is 
somewhat high. Vertigo or fainting fits are not un- 
common. The murmur is described on p. 169. The 
aortic second sound is very weak. 

(c) Mitral incompetence. — This condition is often 

associated with dyspnoea, which is the first symptom 
of which the patient may complain. The face is apt 
to be cyanotic. The apex beat is of moderate strength, 
and is frequently displaced outwards. On ausculta- 
tion, in addition to the characteristic murmur, one 
finds marked accentuation of the second sound in the 
pulmonary area. * 

(d) Mitral stenosis.— Here the stress falls chiefly 
on the left auricle and right side of the heart. The 
apex beat is therefore only slightly displaced outwards, 
and is not unduly vehement. The murmur is very 
frequently accompanied by a thrill, and in many cases 
bhe second, sound as heard at the apex is reduplicated. 
£he pulse is at first not notably affected, but gradually 
becomes irregular and feeble as compensation fails. 

(e) Tricuspid incompetence? which is usually 
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secondary to mitral disease,, is associated with dilata- 
tion of the right auricle, and consequently with out- 
ward displacement of the right border of the heart, ( 
with venous and hepatic pulsation, and with dropsy. 
The murmur has already been described the second 
sound in the pulmonary area is weak. The patient 
usually suffers from very decided dyspnoea. 

2. Non -valvular diseases of the heart. — In- 
certain diseases the heart has an increased amount of 
work imposed upon it. In these circumstances, unless 
the work is too great for its reserve energy, it hyper- 
trophies, the hypertrophy being usually associated^ 
with some degree of dilatation. Eventually such case J 
terminate in failure of compensation, with its accom- 
paniments of dyspnoea, urinary deficiency, dropsy, 
and cyanosis. But another large group of cases exists 
where the disease originates in the nerve mechanism 
of the heart, or in the myocardium. Such diseases 
manifest their presence by disturbances in the rate 
and rhythm of the heart, and our knowledge of their 
course has been greatly advanced by the use of the! 
methods of examination that are afforded by poljf- 
graphic tracings and electrocardiograms. 


% 


The following conditions are of great clinical importance, 
and demand special reference: — 

(1) Sinus arrhythmia, # which is due to irregular 
stimulus-production at the sino-auricular node in conse- 
quence of oscillations in the inhibitory control of the vagus. 
It frequently, but not always, follows the respiratory curve ; 
it usually disappears when the heart-rate becomes ac- 
celerated, for example by exercise; it is the commonest 
irregularity of early life ; and it is clinically important only 
because it may be mistaken for some more serious form of 
irregularity. 

(2) Extrasystoles are the expression of premature con-J 
tractions of the heart muscle, and may arise in the ventricle.^ 
the auricle, or the junctional tissues between the auricle anc 
ventricle. When the extrasystole is of ventricular origin the 
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tracing of the radial pulse shows either a premature beat 
which is followed by a longer pause, so that the next beat falls 
at the point at which it would have occurred had there been 
no disturbance of the ventricular rhythm, or else the abnormal 
beat is not represented at all in the radial pulse-tracing, but 
the interval between the beats which have reached the 
artery is twice its usual length. The venous curve shows that 
the auricular waves have followed one another at regular 
intervals, without being disturbed as regards their time 
relations by the premature ventricular contraction ; but 
if it happens that a ventricular systole occurs at the same 
time as the auricular contraction, the auricular wave will be 
unusually large and prominent. 

When the extrasystole is of auricular origin the tracing of 
the radial pulse exhibits the same characters as in the case 
^already discussed, except that the compensatory pause is 
^usually absent. The venous curve shows that the carotid wave 
is preceded by the auricular wave in the normal way, but the 
auricular wave occurring prematurely may become blended 
with the v wave, which then disappears as a separate wave 
from the tracing, whilst the a wave becomes unusually pro- 
minent. 

When the extrasystole occurs in the junctional tissues the 
most important feature is a disturbance of the length of the 
a-c interval in the venous curve ; but the appearances vary 
greatly, and depend on the exact point in the junctional 
tissues where the abnbrmal stimulus originates. Much ex- 
perience is needed to arrive at reliable conclusions in this group 
pf cases. 

(3) Auricular fibrillation is characterized by complete 
arrhythmia of the pulse, while the venous pulse-curve assumes 
the ventricular type, and shows in many cases numerous 
and rapid oscillations during* the diastolic period. It is due 
to stimulus-production at multiple points in the atrium, with 
the result that that cavity practically remains in diastole and 
the whole work of the heart is assumed by the ventricles. 

A point of great clinical importance is that when 
auricular fibrillation occurs in a cash of mitral stenosis the 
presystolic murmur entirely disappears, whilst an early 
diastolic murmur may replace it. This murmur must not 
be mistaken for one of aortic regurgitation. 

Paroxysmal tachycardia arises from the develop- 
ment of a new centre of stimulus-production in the heart, 
and usually in the atrium. This centre is less subject to 
vagus control than the sino-auricular node, and as a conse- 
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queue© of tMs a paroxysm of rapid contractions occurs. 
During the attack, which begins and ends abruptly, the 
heart-rate is usually found to lie between 130 and 200 per 
minute. 

(5) Auricular flutter is a term applied to cases where 
the auricle contracts at a rate greater than 200 per minute. 
In extreme cases it may attain 350 beats per minute. 

Whilst the mechanism of its production may have much 
in common with that of paroxysmal tachycardia, the symp- 
toms are modified by the fact that at such speeds the atrio- 
ventricular bundle is unable to keep pace with the auricle, 
and consequently the ventricle responds only tol every 
second, third, or fourth auricular beat ; or, as in complete 
heart-block, the ventricle develops its own slow and indepen- 
dent rhythm. 

Auricular flutter usually occurs at a, more advanced age 
than paroxysmal tachycardia, and it generally persists with 
greater uniformity of rhythm for weeks or months. 

(6) The manifestations of heart- block vary greatly, ac- 
cording as the block is complete or partial. The radial pulse is 
generally slow, the systolic blood-pressure high, and the range 
of pressure between systole and diastole considerable. In the 
venous pulse-curve the a waves occur at regular intervals, 
but in the case of partial heart-block only some of them 
are associated with resultant c and v waves, whilst in complete 
heart-block the waves due respectively to the auricular And 
ventricular contractions occur regularly in respect to others on 
their own kind, but with no correspondence at all as regards' 
the relation of auricular and ventricular systoles. 

Pericarditis is characterized by pain in the chest, 
more or less fever, and by r friction of a to-and-fro- 
character when effusion is scanty. When more fluid 
has been poured out, the area of dullness is triangular 
and oversteps the 2nd left interspace. The first indi- 
cation of an increase in the area of dullness is often 
found to the right of the sternum immediately above 
the point where the liver and heart dullness meet. 
The apex beat is internal to the left limit of dullness, 
and may be weak or quite imperceptible. The pulse-„ 
may be greatly affected, and it is by this disease that 
the “ pulsus paradoxus ” (p. 205) is produced. 
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Intrathoracic aneurysm of the aorta leads in some 
cases to a tumour at the upper part of the chest, which 
is dull on percussion, and in which expansile pulsation 
can often be observed. It may also affect the char- 
acter and synchronism of the pulses at the two wrists. 
The auscultatory phenomena are very variable. It 
produces n um erous symptoms of involvement of 
different structures upon which it comes to press as 
it enlarges. 

Cardiac asthma. — This condition is characterized 
by attacks of severe dyspnoea, often lasting for several 
hours on end. The patient is so breathless that he 
requires to sit up, and may have to call the accessory 
respiratory muscles into violent exercise. It is dis- 
tinguished from bronchial asthma by the state of the 
heart, which is generally dilated, while the apex beat 
is weak. The pulse also is small, rapid, and irregular, 
and the dyspnoea is not of the pure expiratory type 
which characterizes ordinary spasmodic asthma. It 
is important to note that many cases of so-called 
cardiac asthma are caused by acidosis, and do not 
exhibit any cyanosis. 
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CLINICAL EXAMINATION OF THE BLOOD 


Enumeration oe Bed Blood-Corpuscles 


This may be done by means of either a Thoma-Zeiss 
hsemocytometer or by Strong’s method. The former 
is the method more commonly used ; we shall describe 



Fig. 63. — Heemocy- 
tometer pipette. 

(Thoma-Zeiss.) 


it first. 

1. Thoma-Zeiss lia^mo cyto- 
meter. — The instrument consists of 
a mixing pipette (Eig. 63) suitably 
graduated and a counting slide. 
Cleanse the lobe of the patient’s ear 
with ether and dry it. Make a 
puncture on the lower border of the 
lobe by means of an ordinary surgical 
needle. The needle should be in- 
serted with a sudden stab — not slowly 
— and the blood must flow freely. 
On no account must the blood be 
squeezed out, as it is then always* 
diluted by lymph squeezed out of the 
tissues. Slowly suck up blood by 
means of the pipette till either the 
mark 0-5 or 1 is reached. If one 
should happen to go a little beyond 
the 0-5 mark, the column of blood 
should be gently blown down to the 
proper point. If blood has been 
sucked past the mark 1, it has. 
reached the mixing chamber, and 
the process must be begun over 
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again. Having charged the pipette, wife the end of it on 
a clean cloth, and plunge it at once into the diluting 
fluid (Appendix, 18), which should be standing ready in 
a small, wide-necked bottle with the stopper out. Suck 
’up the diluting fluid as far as the mark 101. While 
this is being done, the pipette should be gently rotated 
so as to start the mixing. Seize the pipette firmly by 
its ends between the forefinger and thumb, and shake 
thoroughly for about one minute. This induces a 
thorough mixing of the blood with the fluid. It must 
be remembered that the column of diluting fluid which 
occupies the capillary part of the pipette does not enter 
into the mixture. Hence, if blood is sucked up to 0*5, 
the dilution produced is in the proportion of 1 in 200, 



Fig. 64.— Thoma-Zeiss counting slide. 

s, slide ; m, platform ; c, wall of trench. 


whereas if blood is taken up to the mark 1 the dilution 
is only 1 in 100. The former degree of dilution is to 
be preferred in most cases. The finger should now be 
removed from the pipette, and the diluting fluid in 
th£ capillary tube blown out. After a few drops of the 
diluted blood have been shaken out, a small drop is 
transferred to the counting slide (Fig. 64). The latter 
consists of a small platform (m) bounded by a trench 
which is surrounded by a glass slab (c). On the sur- 
face of the platform microscopic squares are ruled, each 
having an area of sq.mm. Special cover-glasses,* 
carefully ground, are supplied, which rest upon the glass 
slab, a space being left between the under-surface of 
the cover and the surface of the platform, which space 
is exactly mm. in depth. 

The drop of diluted blood should be placed .in the 

* Ordinary cover-glasses must not "be used. 
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centre of the platform, and should be of such a size 
that when the cover-glass is placed in position the drop 
is flattened out so as to cover most of the surface of the 
platform, but yet ivithout any of it flowing over the edge 
into the trench. It requires a little experience to enable 
one to take just the proper size of drop. It is import- 
ant that the cover-glass should lie quite flat upon the 
gla^s slab. This can best be achieved by previously 
washing both it and the slab with caustic potash, so as 
to remove all grease, and then rubbing them with soft 
chamois leather. The cover must be lowered into 
position by means of a needle. One recognizes that 
the cover-glass is lying properly by the appearance of 
concentric colour (Newtonian) rings between it and 
the slab ; they should be produced by gently stroking 
down the cover-glass with the handles of two mounted 
needles. The rings should remain when the cover' is ** 
simply lying on . the slab without any pressure being 
exerted ; they are best seen by looking horizontally 
along the surface of the cover. Unless the rings are 
seen, one cannot be sure that the space between the 
cover and the platform is exactly X V mm. in depth. 
Having placed the drop in position, and the rings being 
visible, one should set the preparation aside for two 
m i n utes or so, to enable the corpuscles to settle. It 
should then be examined with t]jLe low power to see 
whether any air bubbles or foreign bodies are present, 
and whether the corpuscles are distributed with fair 
uniformity throughout the field, after which the high 
power (No. 2 eye-piece and £-in. objective) is used for 
counting. The microscope must be vertical and 
should be provided with a condenser and a diaphragm. 
The light should be gradually cut off until the red 
cells become clearly visible. The little squares will be 
seen to be marked off into sets of sixteen by double 
ruling (Fig, 65). Should the lines marking off the 
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squares be only dimly seen, it may be necessary to 
intensify them. This is best done by rubbing tbe sur- 
face of tbe platform with a little finely powdered 
graphite — e.g. tbe scrapings from a very soft lead 
pencil — and then -polish- 
ing it with soft chamois 
leather. 

For enumeration of 
the red cells, at least four 
sets of sixteen squares 
should be counted. The 
squares in each set 
should be gone over 
systematically in hori- 
zontal rows of four at a 
time. Of the corpuscles 

which lie uvon the lines 65.— Microscopic view of Thoma- 
t , Zeiss counting slide, showing divisions. 

bounding the row, only 

those on the upper and on the left-hand lines should 
be counted. The number of corpuscles in each of 
the four sets should be approximately equal. 

Calculation. — Count the corpuscles in each of the 
four horizontal rows from above downwards. The 
total is the number of corpuscles in sixteen squares. 
Count in this way four sets of sixteen, and divide the 
total by sixty-four* which gives the average of cor- 
puscles in one square. But the dimensions of this 
square are ^ x X V = e.mm. Therefore, if 
there be x corpuscles in this dimension, there will be 
4,000 a? in 1 c.mm. But the blood was diluted 200 
(or 100) times. Therefore, in 1 c.mm. of blood there 
will be 4,000 x x 200 (or 100) corpuscles. 

Suppose, for example, that one finds a total 
of 384 corpuscles in the sixty-four squares. This 
gives an average of six corpuscles per square, or 
6 X 4,000; i.e. 24,000 per c.mm. of diluted blood, 
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or 4,800,000 per cm of pure blood, if the dilution 
was 1 in 200. 

2. Strong’s nffetTiod (modified). — The neces- 
sary instruments consist of a capillary tube provided 
with two marks placed close together .(the tube at the 
lower mark contains 5 c.mm., from the upper mark 
delivers 5,c,mm.) } a pipette graduated for 995 c.mm., 
and a small bottle provided with a well-fitting stopper. 
Take up 995 c.mm. of diluting fluid (Appendix, 19), 
and transfer it to the bottle. Draw up 5 c.mim of 
blood to the lower mark in the capillary tube, wipe 
the outside of the tube free from blood, blow out the 
blood into the diluting fluid, and wash out the inside 
of the tube by sucking the mixture of blood and fluid 
several times up and down the tube. The blood is now 
diluted in the proportion of 1 in 200. Shake the 
bottle thoroughly and transfer a drop of the mix- 
ture to the Thoma-Zeiss counting slide. Proceed as 
. .described under the Thoma-Zeiss hsemocytometer. 

The advantages of this modification are that the 
mixture of blood anddjl^tpg^uid is more intimately 
made, that in the^orfpsrea bottle th^un x ^ tire can 
readily transpeirfSJ Sad counted at leisure, and that 
the same mixrare 'em be used for an accurate esti- 
mation of the leucocytes (see p. 221). 

The normal number of red corpuscles is 
l about .6^000,000 per c.mm. In come full-blooded 
‘ adults this number may be exceeded. In females, 
>even in health, it is usually rather smaller (about 
5 4 500,00Q).* The normal number of red corpuscles is 
surpassed in cases of prolonged cyanosis. 

The number is reduced in all forms of ansemia. In 

* The average normal Humber t s been commonly stated to be 
, 5,000,000 per c.mm.-, or considerably less than that found in the 
young heaLpy male adult. This number of 5,000,000 is still 
widely . adopted, for the sake of convenience, in estimating the 
colour index. 
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chlorosis, however, the number of corpuscles may be 
normal, or nearly so. 

Enumeration of Leucocytes 
1. By the Thoma-Zeiss hsemocytometer. 

— A special pipette is supplied for this purpose with 
the Thoma-Zeiss instrument. It is used in precisely 
the same manner as the red-corpuscle pipette, but per- 
mits of a lesser degree of dilution of the blood. The 
best diluting fluid to employ is one containing 1 c.c. of 
glacial acetic acid in 100 c.c. of water, to which enough 
of a watery solution of methyl green or gentian violet 
has been added to give the mixture a decided colour. 
The advantage of this mixture is that it dissolves all 
the red cells while it stains the nuclei of the white. One 
can thus easily count the whites, and at the same time 
-note roughly the relative numbers of the unipartite 
and multipartite nucleated varieties. * JM 
It is important that a large drop of blood should®| 
allowed to exude before one begins to All the pipettlff 
The blood should be sucked up to the mark 05, the 
end of the pipette wiped, and diluting fluid taken up 
to the mark 11. 

Owing to the relatively large calibre of the pipette, 
the blood is apt to run out of it. It is well, therefore, 
to keep the pipette in a horizontal position as soon as 
one has filled it with blood. 

The blood and the fluid are mixed as already 
described. This produces a dilution of 1 in 20. A drop 
is then placed on the counting slide with the same pre- 
cautions that were observed in the case of the red cel®. 
In this case the whole sixteen sets of sixteen 
squares should be counted, or 256 squares in all. In- 
stead of going over the squares in rows of four, a whole 
set of sixteen can easily be counted at one time. A 
movable stage greatly facilitates the enumeration. 
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One should note on a piece of paper the number of 
leucocytes with multipartite and with rounded nuclei 
respectively in each set of sixteen squares. In this 
way one gets a rough idea of the proportion of each 
variety present, and by adding them together the total 
number of white corpuscles is obtained. The calcula- 
tion is made in the same way as that of the red cor- 
puscles, it being borne in mind that each of the 256 
squares counted represents c.mm. of diluted 
blood, and that the dilution is much less than in the 
enumeration of the reds (1 in 10, or 1 in 20). For 
example, if there be 20 leucocytes in the 256 squares, 
this represents an average of P er square, or 
X 4,000 per c.mm. of diluted blood, or 6,250 per 
c.mm. of pure blood if the dilution is 1 in 20. This is 
about the normal number. 

In leukaemia, where a very large excess of leuco- 
cytes is present, one can easily count the red and the 
white ceils in the same drop. For this purpose a 3-per- 
cent. solution of common salt just coloured with a 
gentian violet is to be preferred for diluting the blood. 
This stains the nuclei of the whites, and at the same 
time preserves the reds. Toisson’s solution (Appen- 
dix, 20) may be used similarly. The dilution and 
calculation are the same as for the red cells. 

2. JBy Strong’s method. — The same mixture 
and the same capillary tube are u^ed as for the enumer- 
ation of the red cells. The stoppered bottle is well 
shaken, and 5 c.mm. of the mixture is drawn to the 
upper of the two marks in the capillary tube. The end 
of the tube is wiped and held lightly against the centre 
of a clean slide, the tube being at right angles to the 
slide. The contents of the tube are gently blown out 
on to the slide in the form of a drop. The drop is 
allowed to dry, is then stained for five minutes in 
filtered hsemalum (or in any simple nuclear stain), 
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washed in tap-water, again dried, and mounted in 
cedar-wood oil. The leucocytes are stained blue, the 
red cells being unstained. AH the leucocytes in the drop 
are then counted in the following manner : A metal 
disc with a central square aperture is placed in the 
eye-piece of the microscope. The metal disc may be 
replaced by a paper or cardboard one of home manu- 
facture, all that is necessary being to obtain a square 
field. The £-in. objective is used, and the microscope 
should be fitted with a mechanical stage. The edge 
of the drop is easily defined, and by moving the stage 
the leucocytes in the top segment of the drop are 
counted from left to right. By marking a red cell the 
drop can be moved down exactly one square field, and 
by proceeding backwards and forwards across the drop 
no leucocytes need be omitted. The total number of 
leucocytes thus counted comprises those present in 
5 cm of blood diluted 1 in 200. To arrive at the 
number of leucocytes per c.mm. of undiluted blood, 
the number counted should therefore be multiplied by 
40. In cases of leukaemia a further dilution is neces- 
sary, and for this two additional pipettes are provided, 
one to contain 495 c.mm. and the other 55 c.mm. 
From the original mixture 55 c.mm. are taken and 
added to 495 c.mm. of diluting fluid in a stoppered 
bottle ; 5 c.mm. of this mixture are put up and 
counted, and the number found is multiplied by 
400. The two additional pipettes may be dispensed 
with, and a l-in-10 dilution made from the original 
mixture by means of an ordinary Wright’s pipette. 

After use, the diluting pipettes should be .thor- 
oughly .cleaned. A little trouble in this is repaid by 
saving of time and annoyance when next they come to 
be used. They should be washed out (1) with distilled 
water, (2) with absolute alcohol, and (3) with ether. A 
stream of air should then be blown through till one is 
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sure that the glass ball in the chamber moves freely 
without tending to adhere to the sides. To save time 
in these manipulations, the rubber tube may be taken 
off and the fluid blown out through the wide end of the 
pipette. Coagulated blood may be removed from the 
capillary tube by means of a horse-hair.* If the blood 
adheres firmly to the pipette, it may be removed by 
repeated rinsing with strong alkali or acid, or it may, 
even require to be digested away with pepsin. 

The Kiiunter of leucocytes in normal blood 
is about 6,000 per c.mm., or 1 to 600 reds. The num- 
ber varies, however, within considerable limits even in 
health. The normal proportion of leucocytes with 
divided nuclei to those with rounded nuclei is about" 
2 to 1. 

A physiological leucocytosis , in which the small cells 
with rounded nuclei (lymphocytes) are both abso- 
lutely and relatively increased, occurs in infancy and 
after meals. In the pathological leucocytosis met with 
in acute inflammatory conditions, the increase affects 
chiefly the polynuclear neutrophil cells, and these may 
come to be ten or more times as numerous as the 
others. A relative increase in the number of the large 
lymphocytes occurs in malaria. The condition of the 
leucocytes in leukaemia will be referred to later. 

Estimation of Hemoglobin 
For the estimation of the amount of haemoglobin 
one has the choice of several instruments ; — 

1. Gowers’ li&moglobinometer. — Place a 
couple of drops or so of distilled water in the little 
graduated test tube supplied with the instrument. Get 
a large drop of blood from the ear, and fill the pipette 
with it up to the mark. Then dip the end of the 

* If a few drops of antiformin be sucked into the pipette it 
quickly disintegrates any organic matter left behind. 
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pipette into the distilled water in the tube and gently 
blow out tbe contained blood. Mix, and go on adding 
water drop by drop, comparing tbe colour from time to 
time with that of tbe standard tube. Tbe latter is 
filled with tinted gelatin, and represents tbe colour of 
blood which contains a normal amount of haemoglobin 
when diluted in tbe proportions effected by tbe instru- 
ment. Tbe comparison should be made both by trans- 
mitted light, care being taken to bold both tubes level 
with tbe eye, and by reflected fight, tbe tubes being 
held side by side against a sheet of paper. Good day- 
light is indispensable. Stop adding water when tbe 
tint in tbe two tubes is tbe same, and read off tbe 
level at wbicb tbe mixture stands in tbe graduated 
tube. If this be at (say) 60, then tbe blood contains 
60 per cent, of haemoglobin. Tbe mean of tbe dilution 
wbicb is just too much and that wbicb is just too 
little is tbe correct point. 

2. Haldane’s hamoglobinometer. — Hal- 
dane has modified Gowers’ instrument by using as a 
standard of comparison, instead of gelatin tinted witb 
picrocarmine, a 1 -per-cent, solution of blood containing < 
tbe average percentage of haemoglobin found in tbe 
blood of healthy men, and saturated witb carbonic 
oxide. It has an oxygen capacity of 18*5 per cent, as 
determined by tbe ferricyanide method, and is both 
definite and permanent. 

Tbe instrument is shown in Fig. 66. It is used 
as follows : — 

Sufficient water is first placed in tbe graduated tube to 
dilute tbe blood as far as safely possible. A puncture is then 
made in a finger or tbe lobe of an ear, and tbe capillary pipette 
(wbicb must be clean and dry) at once filled to a little beyond 
tbe mark 20 from tbe drop of blood obtained.^. Tbe point of tbe 
* pipette is wiped, and dabbed on any convenient surface until 
tbe contained blood stands exactly at tbe mark. Tbe blood is 
then gently blown out into tbe graduated tube, whore it sinks ; 
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the pipette is rinsed with the water in the graduated tube and 
withdrawn. The piece of rubber tube attached to a gas-burner 
is now introduced into the graduated tube to near the level of 
the water, and gas allowed to pass for a few seconds. . As the 
tube is withdrawn (with the gas still passing) the end is closed 
with the forefinger, and the liquid made to pass up and down 



Fig. 66.— Haldane’s hsemoglobinometer. 

a, standard blood solution; b, graduated mixing tube; o, rubber stand; 
n, pipette; b, bottle for distilled water; f, lancets ; g, tube and cap, 
lor fixation to gas-burner. 

in the tube — not violently shaken — at least a dozen times, so 
as to saturate the hemoglobin with CO. During this manipu- 
lation the tube is held in a handkerchief, otherwise it will be- 
come heated and liquid will spurt out when the finger is with- 
drawn. Water is now added drop by drop with the pipette 
stopper, the tube after each addition being inverted, until the ' 
point is reached at which the tints of the liquids in the two tubes 
are just equal. In judging of the equality the tubes should be 
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held against the light from the sky, or, if artificial light be used, 
from an opal glass shade. It is also absolutely necessary to 
transpose the tubes repeatedly, otherwise serious errors may 
arise. The level is read off on the graduated tube after half a 
minute has elapsed since the last drop added was mixed with 
the rest of the liquid by inverting the tube. The observation 
is repeated after the addition of another drop of water, and if 
necessary another, until the point is reached when the tints are 
again unequal. The true result is the mean of the readings 
giving equality. The error in any single determination ought 
not to exceed 1 per cent. 

The result obtained is the percentage actually present of tho 
average proportion of haemoglobin in the blood of healthy adult 
men. The blood of healthy men, hcrtvever, contains more 
haemoglobin on an average than the blood of healthy women 
and children. Women give an average of 89 per cent., and 
children of 87 per cent., of the proportion in men. The results 
may be expressed in terms of oxygen capacity (the number of 
volumes of oxygen taken up in combination from air by 100 
volumes of blood), if it be borne in mind that 100 per cent, on 
the scale corresponds to an oxygen capacity of 18*5. 

The advantages of the modifications introduced into the 
original method of Gowers are : ( 1) That the standard solution 
is a definite one, so that an instrument can be verified at any 
time by making a determination with ox-blood of which the 
oxygen capacity has been determined by the ferricyanide 
method ; (2) that the standard solution is permanent ; '(&) that 
the apparatus can be used with equal correctness by daylight 
and by artificial light.* 

3. Oliver’s liaiiiioglofomoiiieter (Fig. 67). — 
Tlie apparatus adopted by Oliver is founded on the 
colorimetric principle .• But the applications of that 
principle are modified in these ways : — 

(1) Double transmission of light (or reflected light) is used 
instead of single transmission. 

(2) A standard white background is selected on which the 
solution of the blood and the standard colours rest. 

* If the capillary pipette becomes blocked or soiled by coagu- 
lated fibrin, use the brass wire in the case from the wide end of the 
* pipette, or a horse-tail hair, to remove it. (On no account use iron 
or steel wire.) To dry the pipette, suck air through it. Always 
examine the pointed end of the pipette before using it : it should 
be smooth and rounded ; if sharp or angular it is broken. 




Fig. 67.— Oliver’s hasmoglobinometer ( see text). 
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(3) The standard is presented as a series of definite grada- 
tions. 

(4) The colour of the blood solution is compared with that 
of the standard in camera. 

The apparatus consists of an automatic blood- measurer, 
a mixing pipette, the blood cell and cover-glass, the sets of 
standard gradations, the riders, the camera tube, the light, a 
bottle of antiseptic fluid, the lancet, needles and thread. 

The automatic blood-measurer (c) has a capacity of 5 c.mm., 
and fills readily by capillary attraction. The handle is useful 
for stirring together the blood and water in the blood cell. 

The mixing pipette ( d ) is provided with a rubber nozzle which 
fits over the polished end of the blood-measurer, and ensures 
the complete rinsing out of the blood with the first few drops of 
water. 

The blood cell (e) is of more than sufficient capacity to ensure 
the complete liberation of the haemoglobin. It yields a blood 
solution of rather less than 1 per cent, when filled level with 
the rim. It is itself the measure of the amount of water to be 
added, and it is quite easy to fill it accurately. 

The standard gradations (a) are arranged as circular discs in 
two slabs — six in each ; and they represent the divisions of 10 
degrees of the scale from 10° to 120° inclusive. 

The riders are small squares of tinted glass provided for the 
reading of the degrees intervening between each of the standard 
gradations. 

The daylight standard is less adapted to the finer readings 
than the candle-light one, because the value of each rider when 
used with it is doubled, i.e. No. 1 rider becoming equal to 2° 
in the upper half of the scale and 4° in the lower half ; therefore 
the candle-light standard is preferable for such readings, and 
when it is used each rider has an equivalent value in the six 
stronger grades = 1°, smd a double value in the six weaker 
grades = 2 s . 

The light. — For observation by artificial light it has been 
found that the small-sized wax candles known as <c Christmas 
candles ” are the most satisfactory in affording the most suitable 
intensity of light, and one, moreover, which is sufficiently 
uniform. 

How to make an observation.— The bore of the blood* 
measurer is first of all dried out by passing through it a needle 
threaded with darning-cotton, and then the polished point is 
presented to the drop of blood. Care must be taken to see that 
the pipette is really quite filled, and, if it has been necessary to 
re-apply it to the drop, it should be observed whether there is 
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a break in the col um n of blood. The rubber nozzle of the mix- 
ing pipette, charged with water, is adjusted over the polished 
end of the pipette, and the blood is washed into the blood cell 
by pressing through the water drop by drop. The handle of 
the pipette is then used as a stirrer, and the further additions 
of water are made to impinge on it, for it serves to graduate 
the size of the drops required accurately to fill the cell. A final 
thorough mixing with the handle will be required, and perhaps 
another slight addition of water may be necessary to secure a 
level filling. The cover-glass is then adjusted, when a small 
bubble should form, a sure sign that the cell has not been over- 
filled. The blood cell is now placed by the side of the standard 
gradations, and the eye quickly recognizes its approximate 
position on the scale. Then the camera tube will more accur- 
ately define it. If it is found that the blood solution is matched 
in depth of colour by one of the standard grades, the observa- 
tion is at an end ; but if it is observed to be higher than one 
gradation but lower than that above it, the blood cell is placed 
opposite to the former and the riders are added to complete the 
estimation. 

In all tintometric observations, take a standard time for 
looking down the camera tube (a 10-seconds observation is 
most convenient). 

L Tallqvist’s method. — In this method, 
which, has the merit of great simplicity and ease of 
application, a drop of blood is allowed to fall upon a 
piece of standard blotting-paper and compared in good 
daylight with a paper colour scale of tints ranging from 
10 to 100 per cent., the blood-stain being moved along 
the scale till a match is found.* The comparison 
should be made as soon as the si&in has lost its humid 
gloss and before it is thoroughly dry (Cabot). The 
method, however, gives only roughly approximate 
results and cannot be recommended. 

One can also state the percentage of haemoglobin in 
terms of the amount contained in each corpuscle, this 
being known as the colour index. Thus, if the 
number of red cells be 20 per cent, of the normal 
and the haemoglobin 10 per cent., then the haemoglobin 
* The scale is supplied by Messrs. Alien & Hanburys. 
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value of each corpuscle is -}% or half normal. In calcu- 
lating the percentage of red cells, 5,000,000 is for con- 
venience commonly reckoned as the normal number of 
red cells per c.mm. or 100 per cent. The importance 
of this method of expressing the facts is seen when one 
recollects that the total amount of haemoglobin in the, 
blood may be diminished while the amount in each 
corpuscle is really above the normal. This happens in 
some forms of anaemia. 

The last point to be remembered in making blood 
estimations is that, as far as possible, all observations 
on the same individual should be carried out under the 
same conditions as regards time of day, taking of food, 
etc.. . This is important, as it is found that the com-; 
position of the blood is temporarily altered by the 4 
taking of food, or by the occurrence of profuse sweat- 
ing, diarrhcea, etc. 

Microscopical Examination of Blood 

Blood may be examined (1) fresh, (2) stained. 

1. Blood examined fresh. — This simple pro- 
cedure should never be omitted, since much valu- 
able information may be derived from it. To obtain 
the blood, hold a cover-slip lightly on a slide, one edge 
of the cover-slip being exactly flush with one edge of 
the slide. Hold these edges against a drop of blood ; 
the blood will then flow between slide and cover-slip. 
Examine at once with the diaphragm of the microscope 
partly shut down. 

In the case of normal blood, the red corpuscles will 
be observed to range themselves in rouleaux as one 
watches, clear spaces being left between in which the 
white cells and little clumps of aggregated platelets 
may be seen. Any abnormality in the shape or size of 
the red cells or in the formation of rouleaux should be 
noted. Distorted red cells — pear-shaped, indented, 



232 EXAMINATION OF THE BLOOD [chap. 

budded, etc. — aie known as poikilocytes ; red cells 
larger than normal are called megal'ocytes; smaller 
than normal, microcytes. All these abnormal shapes 
and sizes may occur in any form of severe anaemia. 
One can also see if any large excess of white corpuscles 



Fig. 68.— Filaria nocturna ; x 160. (After Sir Patrick Manson,) 


is present. The presence of abnormal elements should 
be noted. Among these are abnormal varieties of 
white cells, more easily recognized, however, in stained 
specimens. 

Sometimes particles of pigment can be noticed 
amongst the corpuscles. This condition, known as 
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melansemia, is found occasionally in chronic malaria. 
During a malarial attack the parasites can readily be 
seen and the activity of their pigment granules noted. 

The spirillum of relapsing fever and the trypano- 
soma of sleeping sickness can be recognized by this 
method, as also the Filaria sanguinis homlnis. This 
last can be seen, with a low power, moving about 



Fig. 69. Embryos of filaria nocturna in blood ; X[50. 

( From an original photomicrograph . ) 


among the red cells. The parasites average about 
tV in- in length, and are about as broad as a red blood- 
corpuscle. (Pigs. 68, 69.) They remain alive for a sur- 
prisingly long time even at ordinary temperatures, 
especially if the preparation is kept from drying by 
-'being sealed with a little vaseline. The following 
is the method recommended by Manson for their 
demonstration : — 



23 i EXAMINATION OF THE BLOOD [chap. 

Spread out a thick drop of blood on a slide by 
means of a needle, and allow it to dry. It may then 
be preserved indefinitely. When the parasites are to 
be demonstrated, immerse the slide in a solution of 
1 drop of saturated alcoholic fuchsin in 1 oz. of water. 
Stain in this for one or two hours. If, on examining 
the film, it is found that the blood is very deeply 
stained, one must decolorize by means of dilute acetic 
acid (4 drops of acetic acid to 1 oz. of water). : The 
specimen may be examined either wet or dry, and 
with or without a cover. On searching it with a low 
power, the filarise will be recognized by their being 
very deeply stained. The preparation is apt to fade 
after a few days. 

A more rapid result is obtained by staining the 
film for half a minute in a 2 per cent, solution of 
methylene blue. It is then decolorized a little with 
dilute acetic acid as above described, and examined 
with a low power while wet. If a permanent prepara- 
tion is desired, the film is allowed to dry and a drop of 
balsam and a cover-glass applied. 

2. examination of blood In dims. — Films 
may be made either on slides or on cover-glasses. The 
former have the advantage of being more easily 
cleaned and manipulated, but cover-glasses give the 
best results in skilled hands. The slides should be of 
colourless glass, thin, and wi£h ground edges. The 
cover-glasses should be § in. square, and as thin and 
flexible as possible. It is important that both slides 
and cover-glasses should be entirely free from grease. 
To ensure this the cover-glasses should be dropped one 
by one into an enamelled iron dish containing 10 per 
cent, chromic acid and boiled for twenty minutes. They 
should then be tipped into a shallow basin, and water 
allowed to run on them till the washings are colour- 
less. After this they are covered with spirit, and 
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finally transferred with forceps to a wide-necked stop- 
pered bottle containing absolute alcohol. When re- 
quired for use they should be picked out with forceps, 
excess of alcohol drained off, and the remainder got 
rid of by passing through a flame. They should finally 
be rubbed with a clean handkerchief. Slides may be 
cleaned in the same manner, but it is sufficient to 
polish them with the finest emery paper and then 
to place'them in absolute alcohol 
till required. The alcohol is best T y\ j 
removed by wiping dry with a \X \1 
clean cloth. X pv 

If ordinary slides or cover-slips i \ \s\ 

have to be cleaned in a hurry, ▼ \ /\ * 

glacial acetic acid, followed by xZ 

water and alcohol, gives good 70.— Method of 

results making slides on 

cover-slips. {After 

How to make films. (1) On Daniels.) 
cover-slips . — The surface of the 
cover-slips must on no account be touched by the 
fingers. They may be held by - their corners be- 
tween the thumb, middle and index fingers, but it 
is preferable to use forceps — a clamp forceps for 
the lower cover-slip and a fine-pointed forceps for the 
upper. Clean, dry, and prick the lobe of the ear ; wipe 
away the first drop of Ijlood, and when another about 
the size of a large pin’s head has appeared, touch its 
apex with the upper cover-slip and lightly drop it 
diagonally on to the surface of the lower. Directly the 
blood has spread, separate the slips with the utmost 
rapidity, avoiding any pressure or lifting (Fig. 70). If 
the separation is delayed, the slips tend to stick and 
the films are useless ; if made too soon, the resulting 
^films are small and thick. 

(2) On slides . — Apply one end of a slide to a drop 
of blood, place the slide on some firm, smooth surface, 
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such as a polished table without a cloth, holding it in 
position with the thumb and index finger of the left 
hand. The narrow edge of a second slide is placed in 
the drop and held there till the blood has spread across 
it ; it is then drawn slowly over the whole length of the 
first slide. The inclination of the second slide to the 
first should be at an angle of 45°, and there should be 
no pressure whatever between the two surfaces ; this 
can be ensured by holding the second slide between the 
thumb on one side and the index and middle fingers on 
the other, allowing the tips of the thumb and index 
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Fig. 71. — Cigarette paper prepared for making blood films. 

(After Howard and Palces.) 

finger to rest on the table. The more slowly one 
slide is drawn over the other the thinner is the result- 
ing film. Even spreading of the film is aided by 
warming the first slide in the* flame of a spirit-lamp 
immediately before applying it to the drop of blood. 
After the blood is spread it should be dried by being 
waved rapidly in the air to prevent undue shrinkage 
of the cells. 

Pair results may be obtained by the use of gutta- 
percha tissue or cigarette paper. 

. Take a piece of smooth gutta-percha tissue about 
2 in. long and 1 in. broad. Fold it slightly along its 
long axis so that one side becomes somewhat convex. 
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Pass one end of the convex surface lightly across the 
top of the drop of blood, and immediately lay it flat 
on the slide near one end. When the drop has spread 
itself out, draw the gutta-percha tissue flatly along the 
surface of the slide. If cigarette paper * is used, cut 
strips across its long axis, each about \ in. broad, and 
as long as the paper is wide (Fig. 71). Pass the edge of 
the strip across the summit of the drop of blood, lay 
it on the slide, and, when the drop has spread, draw it 
along. Use a fresh strip for each slide. 

Fixation of the film. — Films may be fixed either 
while still wet or after drying. They may be fixed 
wet by exposure to formol vapour for twenty minutes ; 
after drying, by immersing in absolute alcohol for 
fifteen minutes. Fixation of the films when dry is 
pro vided for by the methods of Jenner and Leishman, 
since the stains are dissolved in absolute alcohol. 

How to stain the film. — Either of the two follow- 
ing methods gives excellent results : — 

1. Jenner' s stain . — The stain consists of a 0-5 per 
cent, solution of a specially prepared crystalline com- 
pound of methylene blue and eosin in pure methyl- 
alcohol. Films are made on cover-slips in the, usual 
way. So soon as they are dry a few drops of the 
solution are poured on, and they are covered with 
watch-glasses to prevent evaporation and precipitation 
of the stain. Pour off in one to four minutes. Einse in 
distilled water till pink (this takes five to ten seconds). 
Dry rapidly high over a flame or by waving in the 
air. Mount in xylol balsam. In a successful film 
the red corpuscles are terra- cotta-coloured ; nuclei are 
blue, platelets mauve, the granules of polynuclear 
cells and myelocytes red, mast cells dark violet, 
bacteria, filarial and malaria parasites blue. 

♦The* “Tarlene” or “Zig-Zag” papers are best. Ordinary 
glazed notepaper will also do, but cigarette paper is preferable. 
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Leishman’s stain . — This is a simplification of the 
method of staining first introduced by Romanowsky. 
The stain consists of a compound of alkaline medicinal 
methylene blue and eosin, extra B.A. (Griibler), dis- 
solved in pure methyl-alcohol in the proportion of 0-5 
per cent. The dry film is well covered with the stain, 
which should be evenly distributed over the entire 
slide or cover-glass. At the end of one minute, double 
the quantity of distilled water is carefully added and 
mixed with the stain by means of a clean glass pipette. 
At the end of seven minutes the mixture is poured 
off, and the film covered with distilled water for 
two minutes. The water is then washed off with fresh 
distilled water, and the film gently blotted dry with 
clean blotting-paper. When dry it can be mounted in 
xylol balsam. 

Examination of the film, — In a good film 
the corpuscles should be spread out evenly, no 
rouleaux being seen. Even with the low power the 
white cells can be recognized by their stained nuclei, 
and some idea of their relative numbers gained. For 
the minute examination of the white cells a high power, 
and preferably an immersion lens, is requisite. In 
many cases it is important to make a “.differential 
count” in order to ascertain the relative numbers of 
the different varieties of leucocyte. For this purpose 
200-500 cells must be counted, which, with a little 
practice, can be done in a quarter of an hour. 

It is often necessary also to calculate the abso- 
lute number of each kind of white cell per c.mm. of 
blood, as otherwise a relative increase or diminution of 
one kind may be mistaken for an absolute increase or 
reduction. Throughout adult life the absolute number 
of polynuelears per c.mm. is about 4,000, whilst that 
of the lymphocytes is about 2,000. 

* The following are the varieties of leucocytes found 




PLATE 5 


BLOOD CELLS, NORMAL AND ABNORMAL,-' 

The left-hand column represents cells produced in tl& 
bone-marrow, and present in the blood in disease orily^ 
The central column represents normal and abnormal 
varieties of red cells. The right-hand column illustrate 
the normal leucocytes of the blood. (Leishman's stain $ 








Plate 6. The Blood in lymphatic Leukaemia. 

The lymphocytes are abnormal in size, and in shape of 
nucleus ; they are of the small type. (. Leislman's stain.) 





Plate 7 » — The Blood in Myeloid Leukemia, 

(Leibhman’a atu.in.) 




v jVf><WJETIES OF LEUCOCYTES 


i# normal blood (Plate 5), with, their relative propor- 
tions : — 

, 1. Finely granular oxyphils (or polynuclear neutro- 
phils). Cells with multipartite nucleus and fine neutro- 
; phit or faintly oxyphil granules : 60 to 65 per cent. 

g. Coarsely granular oxyphils (or eosinophils). Cells 
' with multipartite nucleus and coarse, strongly oxyphil 
: granules : 2 to 3 per cent. 

; ' 3* Coarsely granular basophils (or mast cells). 

\ Cells with very pale cytoplasm, a nucleus usually 
*;Vlobed, and coarse basophil granules : 0*5 per cent. 

V 4. Large hyalines (or large mononuclears). Cells 
Swith a characteristic notched or kidney-shaped nucleus 
Jhnd a shghtly basophilic, faintly reticular cytoplasm : 
1:3 to 5 per cent. 

p>. ^5. Large lymphocytes with round nucleus and clear 
f basophilic cytoplasm : 5 to 10 per cent. 
jp 4 - . 6. Small lymphocytes with round, deeply staining 
ly&UGleus which almost fills the cell, leaving a rim of 
fj^strongly basophilic cytoplasm : 20 to 25 per cent. 

jjj>ome of the alterations which occur in the relative 
^Vipi?pi>ortions of these in leucocy tosis have already been 
'mmonei (p. 224). * 


^ , In the lymphatic form of leukaemia an enormous 
|^i^prease occurs in the number of the lymphocytes 

l^ll^the myeloid forrfi of the disease the neutrophils, 
M^^bphils, and mast cells are all increased, and in 
k^ypL^n bone-marrow cells (“ myelocytes ”) appear in 
- These are often of large size, with a 
nucleus, and contain granules which 
^^^^ggpither neutrophilic or eosinophilic in reaction 

are also found in the blood in ££ splenic 
^g feyi^doiancv n and in some other conditions, 
i^^^^^^^^ppainution o£ the leucocytes is spoken of 
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as ieucopenia. It is found in enteric fever, splenic 
anaemia, and some other diseases. 

The red cells may present various alterations in 
disease (Plate 5). The alterations may affect — 

(a) Their size and shape. Instead of the normal- 
sized erythrocytes, s mal l cells may appear, devoid 
of the usual central indentation (microcytes), or un- 
usually large forms may be met with (megalocytes), 
particularly in pernicious anaemia. Instead of being 
rounded the corpuscles may become oval, pear-shaped, 
etc. These changes are spoken of collectively as 
; poihilooytosis . 

(b) The staining power of the cells may be altered. 
Thus, instead of taking up eosin in the normal manner, 
they may stain with the basic dye, and have a violet 
or even bluish tinge. This is spoken of as polychro- 
matophilia . It is seen in various kinds' of anaemia, 
and is believed to indicate either a degeneration of the 
red cells or, more probably, an immature condition of 
them. 

(c) Nucleated forms may appear. If these are of 
the same size as ordinary red corpuscles they are 
spoken of as normoblasts. They can be distinguished 
from lymphocytes (for which at the first glance they 
are apt to be mistaken) by (1) the more homogeneous 
and intense staining of the nucleus, (2) the presence 
round the nucleus of a cell body which stains red, (3) 
their smoother contour, 

Megaloblasts are large nucleated red corpuscles. 
They may be even four times as large as an ordinary 
red cell. They have a relatively small and character- 
istically stippled nucleus, and a large cell-body, which 
always exhibits polychromatophilia. Megaloblasts aTe 
a characteristic feature of the blood in pernicious 
anaemia (Plate 8). 

Microblasts — nucleated forms smaller than an 






Plate 8. — The BLOOD IN PERNICIOUS ANAEMIA. 

( Leishman’s stain.) 
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ordinary red corpuscle — are found in traumatic 
ansemias, and are of no great significance., 

Parasites In the blood. — We have already 
described the way to look for filariae in the blood 
(p. 233). Of this parasite there are several species 
which are the embryos of corresponding parental 
forms. The embryos live free in the blood (Fig. 69) ; the 
parental forms are found in the tissues and lymphatics. 
In one species the embryos are present in the blood 
during the night only ( nocturna , Fig. 68), in another 
only by day ( F . diurna). In yet another form (F. 
ferstans) they are always present. The blood in sus- 
pected cases should therefore be examined both during 
the day and during the night. For the diagnosis of 
the different species special works must be consulted, 
but the chief points to attend to are (1) the time when 
the parasites are present in the blood ; (2) the nature 
of their movements ; (3) whether or not they possess a 
sheath ; (4) the shape and character of their extremities. 

To recognize the parasite of malaria, proceed as 
follows : — 

Prepare a film of fresh blood in the manner already 
described (p . 231 ) . Examine with a T ^- immersion lens 
and rather feeble illumination. Look in the red cor- 
puscles for the presence of small black specks, often 
rod-like and showing slow movements of translation 
(Plate 9, Figs. 1, 2). These are surrounded by clear 
areas. One may also see in the centre of some of the 
red cells clear amoeboid areas which show no pigment 
(Plate 9, Figs. 1, 2). Bosette forms may be visible 
(Plate 9, Fig. 2). These forms of the parasites are 
always present in cases of malaria which have not had 
quinine. Other varieties are only met with in some 
chronic or malignant cases. Of these there are two 
chief forms — (1) the crescentic, which are not found 
except in cases of malignant infection, and (2) the 
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flagellated (Plate 9, Figs. 4, 5). These are easily re- 
cognized. The crescentic bodies are highly retractile, 
rather longer than a red blood-corpuscle, and about 
2 fji in diameter. Particles of pigment may be recog- 
nized in the parasite and also in some of the ordinary 
leucocytes. 

The examination of blood for the malarial parasite 
demands some care.* Manson says that one must 
devote half an hour to the examination of a slide 
before pronouncing on the absence of parasites in it. 
The quartan form of the parasite (Plate 9, Fig. 2) is 
distinguished from the tertian (1) by being smaller in 
size, (2) by its pigment granules being darker, (3) by 
its showing fewer segmenting forms. 

In addition, stained preparations of the blood 
should invariably be made, and preferably with 
Leishman’s stain in the manner described above 
(p. 238). 

Trypanosomata may be looked for in fresh blood, or 
they may be fixed and stained in blood films. As the parasites 
are often few, it is important, in doubtful cases, to centrifuge 
the blood before examining it, when most of the trypanosomes 
will be found collected along with the leucocytes in a thin, pale- 
coloured layer. It is not easy in all cases to obtain a sufficient 
quantity of blood to fill an ordinary centrifuge tube ; therefore 
one may employ a small tube with a diameter of some 5 to 8 
mm., similar to Wright’s pipette figured on p, 612, but with the 
mixing chamber considerably longer. This chamber is half 
filled with blood, and into the remaining space is drawn a solu- 
tion made by dissolving 1 grm. of sodium citrate in 100 c.c. of 
normal saline solution. The bulb is thereafter sealed off in the 
flame of a spirit-lamp and placed in the hsematokrit arm of the 
centrifuge. After revolving for ten or fifteen minutes a distinct 
white ring is formed. The bulb is then scratched with a file 
about 4 cm. above the white ring, the clear fluid removed, and 
the white ring itself transferred, with the aid of a capillary 
pipette, to a cover-slip, and examined on an ordinary slide. The 

* Parasites are most abundant in the blood about eight to 
twelve hours after the rigor. 





Plate 9 .— The Blood in Malaria, showing Differ- 
ent Forms and Stages of Development of 
the Parasite. 

{Ajter Thayer and Heivetson.) 

Fig. 1.— The parasite of tertian fever. 

Fig. 2.— The parasite of quartan fever. 

Fig. 3.— The parasite of aBStivo-autumnal fever. 

Fig. 4.— Crescentic and oval bodies. 

Fig 5 —Flagellated, forms. 
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examination should bd%ade with a J- _ • ^ ative CO nqlusi<ll 

piece with a fairly wide field ; and bef g b e S p erl t‘ 

is arrived at, not less than a quarter readily recog- 

in searching the specimen. The paras^ ^ ,j 0 ubtfnl cases it 
nized by its movements tha “ b y J. rfeot i v s0 as to pre- 
isjjnporta# to .centrifuge .the > bio wd » I t ^’ e Bupe rnatant 

cimtate most of the cells, thereafter t0 r ®“ sec ond time, 

fliid with a pipette and to centnfuge this fluid a secona , 
whW’the deposit that subsides will contain nearly an 

^“p-ations can be made ***£&*)*& 
prepared in tl usual way, 

file study of finer structural details the fobo , w “| d “_ 
rate method has been devised by D u fifteen seconds, 

„ Fix the blood film ****** ^of glac^l acetic acid 
to the vapdur of a mixtrne of q P rp^ erea f ter stain with 
and 2- per eent. solution of osmic acid. Ther ^ dix> 

oi>e. o/other modification of Ro ^^ y stai ned being placed 
to six minutes, the slide _ stainin" is com- 

the body two masses of chromatic s " bstan ° “ t Jriorlv. The 
these the larger, which is the nucleus, hes more uO* ^ ^ 
smaller, known as the micronucleus, or ? or rounded end 
trosome, is generally situated bb ® £ h * d a va cuole is often 
of the trypanosome, and in its neighboa a nd, pass- 

found. From the oentrosome a fine filament emerges, an 

ing along the free border of the undulating ^ length of 

tinned anteriorly as a flagellum. On a n a verage^ ^ (i f clud . 
the human trypanosome may be , . th J brea dth is from 

ing the flagellum, which averages 6 or 7 /*) , tn. 

, 1-5 Trypanosomes can also be found, in the late, stagesof the 
disease, in the cerebro-spmal flu . more turbid 

tained by lumbar puncture (p. 579), and i G f i e uco- 

than usual in consequence of the P r fsen examined fresh, 

»vtes' The specimen is best centrifuged and examinee n -e , 
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Red Orange Yellow Green Blue Violet 
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Fig. 72.— Spectra of haemoglobin and its derivatives. 

I., oxybaemoglobin; IL, reduced haemoglobin ; I IT., carbonic-oxide haemoglobin ; 
JV„ metbiemnglobin (in acid solution); V., acid- lisematin ; VI., alkaii- 
Imnatin ; V[I.,h£einochromogen; VIII.,lv«ematoporphyrm(inacidsolution) ; 
IX., haematoporpkyrln (in alkaline solution). 

In many cases where no trypanosomes can be found in 
the blood they may be readily demonstrated in fluid from 
glands. In most cases of the disease the organisms are never 
numerous either in the blood or the spinal fluid, and a negative 
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diagnosis in such cases may only be justifiable after inoculation 
experiments have failed. 

Leishman-Donovan bodies are small round or 
oval bodies with a diameter of about 3 ji, which are found in 
splenic blood in certain fevers. They develop, outside the 
body, into large flagellated forms. They can be stained by 
Leishman’s or Romanowsky’s methods, and are then found to 
possess two chromatic masses, a large and a small, the latter of 
which is often associated with a vacuole. The parasites appear 
to occupy the interior of endothelial cells or of leucocytes. They 
are excessively rare in the general blood-stream, and should be 
sought in blood aspirated, with rigid precautions, from the 
spleen. It is stated that the best results are obtained when 
the aspirated blood contains some traces of splenic pulp. Punc- 
ture of the spleen is occasionally attended with grave risks of 
haemorrhage in cases of kala-azsar ; the procedure should there- 
fore be undertaken only where it is obviously necessary and 
after repeated efforts to detect the parasite in the general 
circulation have proved unavailing. Sufficient material for 
examination can be obtained by means of a small syringe 
armed with a fine hypodermic needle, with the minimum of 
risk to the patient. 

The examination of the blood for bacteria is 
considered in Chap. XIY. 

Carbonic oxide in the blood. — In cases of 
suspected carbonic-oxide poisoning, the presence of the 
gas may be detected by spectroscopic examination. 
Some blood is obtained by pricking the thumb and 
squeezing two or three drops into several c.c. of dis- 
tilled water. The solution has a cherry-red colour. 
Place some of it in a tffin, flat glass tube, and examine 
with a hand spectroscope. Direct the instrument, as 
in all such examinations, towards a white cloud, and 
not towards the sun. Two bands (Fig. 72) are seen 
fbands of carbonic-oxide hemoglobin) occupying very 
much the position of the oxyhemoglobin bands. They 
are distinguished from the latter by the fact that the 
addition of a few drops of sulphide of ammonium pro- 
duces no alteration in them. 

Specific gravity of the blood. — For the 
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clinical estimation of the specific gravity of the blood 
various methods have been proposed. The simplest 
is the following : — 

A mixture is made of chloroform and benzol in such 
proportions that the specific gravity of the fluid, as 
taken with a sensitive urinometer, is 1060. Some of 
this is placed in a tall glass vessel, and a drop of blood 
added to it from a hsemo cytometer pipette. If the 
drop remains suspended without either rising to the 
surface or sinking to the bottom, the specific gravity of 
the blood is the same as that of the mixture. If the 
drop floats, add benzol out of a burette, stirring well 
with a glass rod, until the drop remains suspended. If 
it sinks, add chloroform till a similar result is attained. 
Then take the specific gravity of the mixture with a 
small hydrometer, and the result will give the specific 
gravity of the blood. Provided the same hydrometer 
be used in every case, the results are uniform and 
reliable. 

The normal specific grayity of blood is about 1060. 
Variations are not of much clinical value. The specific 
gravity is always in proportion to the amount of 
haemoglobin — a low specific gravity means little haemo- 
globin. The ratio is so constant that one can tell the 
percentage of haemoglobin by taking the specific 
gravity. 

The clinical estimation of the alkalinity of tlie 
blood can only be accomplished by the use of rather 
elaborate methods, the results yielded by which are 
not of sufficient importance to justify their description 
in a work such as this. 

The coagulability of tlie blood can be esti- 
mated with a fair degree of accuracy by means of 
Wright’s coagulometer.* The instrument consists of 

* The instrument is supplied, along with full directions for use, 
hy Hawksley, 357, Oxford Street, London, W. 
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a series of fine tubes of equal calibre which are kept 
immersed in water at body temperature. Blood is 
drawn into each of the tubes at definite intervals, and, 
after the lapse of varying periods of time, one blows 
down the tubes in succession. If the blood can no 
longer be blown out, coagulation has occurred. The 
interval between the filling of the tube and the occur- 
rence of coagulation is known as the “ coagulation 
time” At a temperature of 37° C. the coagulation 
time of a healthy individual is about four minutes. 



CHAPTER! vi 

ii 

THE RESPIRATORY SYSTEM 
I. ANATOMY 
(Plates 1, 2, 3, 4) 

The following anatomical facts must be borne in 
mind when the lungs are examined : — 

1. Borders of the lungs. Right lung. — -The 
anterior border passes forwards, downwards, and 
towards the middle line from the apex, which, 
situated at the level of the neck of the 1st rib, corre- 
sponds posteriorly with the 7th cervical spine. Behind 
the sternum, at the level of the 2nd rib, it has nearly 
reached the middle line, and passes directly down- 
wards to the level of the junction of the 6th costal 
cartilage with the sternum, where it turns rather 
abruptly to the right to pass outwards as the lower 
border. The lower border meets the right para- 
sternal line at the level of the upper border of the 6th 
rib, the mammary line also at the level of the 6th rib, 
the axillary lines at the 7th and ribs, the scapular 
line at the lQ&h rib, and at tEe side of the verte- 
bral column reaches as far as The 10th interspace or 
11th rib. 

Left lung. — From the apex to the level of the 
4th costal cartilage the anterior border passes in a- 
direction which corresponds with that of the right 
lung. At this point it bends rather suddenly out- 
wards, thereby leaving part of the anterior surface 
of the heart exposed, and passes in an arched line 
outwards and downwards to reach the 6th rib a 
little externally to the parasternal line. From this 
248 
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point ttie lower border passes backwards along a line 
corresponding to, but a little lower than, that of tbe 
lower border of tbe right lung. Tbe lower borders 
of both lungs are convex towards tbe abdomen. In 
forced respiration they may vary in level to tbe ex- 
tent of 2 or even 3 in., according to tbe phase of 
tbe respiratory cycle. In quiet respiration tbe dif- 
ference between tbe extremes is only about 1 cm. 

2. Lobes of the lungs.— It is often important 
to know tbe limits of tbe individual lobes of tbe 
lungs. This may be done by drawing a line from 
tbe 2nd dorsal spine to tbe 6th rib in tbe mam- 
mary bne ; this corresponds to tbe upper border of 
tbe lower lobe. A second line, drawn forwards on 
tbe right side from tbe centre of this line to meet tbe 
sternum at tbe level of tbe 4th costal cartilage, will 
mark tbe boundary between tbe upper and middle 
lobes. 

Obviously, therefore, tbe greater part of each lung, 
as seen from behind, is composed of tbe lower lobe, 
only tbe apex belonging to tbe upper lobe ; while tbe 
middle and upper lobes on tbe right side, and tbe 
upper lobe on tbe left, occupy most of tbe area in 
front. In tbe axillary regions, parts of all tbe lobes 
are accessible. 

Tbe bifurcation ot the trachea corresponds 
in front with tbe lo^?er border of tbe manubrium 
sterni ; behind, with tbe disc between tbe 4th and 5th 
dorsal vertebrae. 

Tbe reflected pleural sacs reach decidedly 
lower than tbe inferior borders of tbe lungs, whose 
limits they overstep for about 2 in. in tbe mammary, 
nearly 4 in. in the" midaxillary, and 1J in. in the 
scapular lines. Tbe sinus thus formed lies on tbe 
left side above the resonant stomach cavity, and 
therefore, should it become distended with fluid, as 
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leases of hydrothorax, a dull area will be discovered 
at a part where the healthy percussion note is tym- 
panitic. The anterior reflection of the left pleura 
below the 4th rib is considerably nearer the middle 
line than the anterior border of the left lung ; hence 
in emphysema, when the lung presses forward into 
this available space, the area of absolute cardiac 
dullness is greatly encroached upon. 

With reference to the correspondence of points in 
front and at the back, Quain gives the following 
relations as existing during expiration : — 

<c The upper margin of the sternum is on a level 
with the disc between the 2nd and 3rd dorsal verte- 
brse ; the junction of the manubrium and body is 
opposite the 5th dorsal vertebra; and the xiphi- 
sternal articulation generally corresponds to the lower 
part of the 9th dorsal vertebra.’’ 

The scapula is a useful landmark posteriorly. 
Its medial angle, when the arms hang by the side, is 
generally on a level with the disc between the 1st and 
2nd dorsal vertebrae, the root of the spine with that 
between the 3rd and 4th dorsal vertebree, and its 
inferior angle with the body of the 8th dorsal vertebra. 

In reference to the ribs, the medial angle of the 
scapula just covers the 2nd rib ; the inferior angle 
reaches as low as the 7th interspace or 8th rib. 

The 12th rib cannot always be felt. It is not safe, 
therefore, to count the ribs from below upwards. 

For convenience in description, the thorax is, 
mapped out into regions, as follows : — 

1. Three central regions anteriorly; 

Suprasternal, from the cricoid to the, upper 
border of the manubrium. 

Superior sternal , from the upper border 
of the manubrium to the level of the 
3rd sterno-costal articulation. 
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Inferior sternal , from the 3rd sterno-costal 
articulation to the lower end of the 
sternum. 

These three regions are bounded laterally by the 
lateral sternal lines and their upward continuations.* 

2. Five antero-lateral regions on each side. 

Supraclavicular , bounded above by an 
oblique line from the side of the cricoid 
to the outer end of the clavicle, below 
by the clavicle. 

Clavicular , composed of the area occupied 
by the clavicle. 

Infraclavicular , bounded above by the 
clavicle, below by a horizontal line at 
the level of the 3rd sterno-costal 
articulation. 

Mammary, from the lower edge of the 
infraclavicular area to the level of the 
6th sterno-costal junction. 

Inframammary, below that level. 

These regions extend outwards to the anterior 
axillary line. 

3. Two lateral areas on either side. 

Axillary, \ meeting each other at the 

Infra-axillary , J level of the 6th rib. 

4. Four region^ at the bach on either 
side of the spine. 

Suprascapular . 

Scapular , subdivided into supra- and infra- 
spinous. 

Infrascapular , and 

Inter scapular. 

The position of the dorsal regions is sufficiently 
defined by their names. 

* Sometimes the sternal regions are classified as “ episternal” 
and “ xiphisternal.” 
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II. INSPECTION 
Inspection determines— 

A. Form of chest. 

1. Healthy. 

2. Symmetrical chests with 

features indicating pro- 
clivity to disease. 

3. Symmetrical chests with 

features indicating past 
disease. 

4. Symmetrical chests with 

features indicating pre- 
sent disease. 

5. Unilateral changes. 

6. Local changes. 

B. Movements of chest. 

1. Respiratory. 

(1) Rate. 

(2) Rhythm. 

(3) Type. 

( Amount of expansion. 
Character (see also J Unilateral fixation. 

Chap. II.). j Local lagging. 

( Local indrawing and bulging. 

2. Non-respiratory. Pulsations (Chap. IV.). 

A. Form op the Chest 

This depends partly on the (furvatnre and obliquity 
of the ribs, partly on the curves of the spinal column. 
The curvature of the sternum, results from the 
relations of these factors. 

When the ribs are normally curved, the more 
horizontally they lie the more nearly does a cross 
section of the chest approach the form of a circle, 
the wider are the intercostal spaces, and the more 
obtuse does the subcostal angle become ; whilst, on 
the contrary, increasing obliquity of the ribs leads to 


j The alar chest, 
j The flat chest. 

j The rachitic chest, 
j The pigeon breast. 

( Harrison’s sulcus. 

( The barrel-shaped chest. 

^ Bilateral retraction. 

j Enlargement. 

( Diminution, 
f Bulging. 

^Retraction. 

( 'Funnel-shaped depression. 
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narrowing of the intercostal spaces, to increasing ellip- 
ticity of the cross section of the chest, the major axis 
lying transversely and the minor axis in an antero- 
posterior direction, and at the same time the subcostal 
angle becomes more acute. In a healthy male the 
angle is about 70°, in a female about 75°. The 
variations may amount to 10° above or below these 
averages. When there is lateral curvature of the 
spine, the chest is rendered asymmetrical ; when the 
spine is unduly concave forward, other changes are 
produced, which will be dealt with subsequently. 

1. The ideal liealtliy chest will conform to the 
following description : It is bilaterally symmetrical, 
its contours are smooth, it has no deep hollows, and 
at most shows only a slight recession below the 
clavicles. In cross section it is an ellipse, broader 
from side to side than from front to back in the 
proportion of about 7 to 5 ; its general shape is 
ellipsoidal, with the longest axis vertical. In children 
the cross section is more nearly circular. 

The sternum, which is convex from above down- 
wards when viewed from the front, lies at the bottom 
of a shallow groove known as the sternal furrow, 
formed by the pectoral muscles of each side. The 
junction of the manubrium with the body of the 
sternum exhibits a slight angular projection (the 
sternal angle, or angle of Louis), sometimes visible, 
almost always palpable. The sternal furrow ends 
below, at the level of the 7th costal cartilage, in the 
infrasternal depression. A slight hollow below the 
clavicle marks the separation between the divisions 
of the pectoralis major ; it should not be deep, and 
ought only to be distinct when the muscle is made 
to contract. A second hollow, which is* much more 
distinct, separates the pectoralis from the deltoid. 
This fossa lies farther from the middle line, and is 
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^Jown as the infraclavicular (or Morenheim’s) fossa. 
It becomes very marked in many cases of pulmonary 
tuberculosis. 

The shape in the mammary regions depends greatly 
on the degree of development of the mammary gland 
and on the amount of subcutaneous fat. In the adult 
male the nipple is usually about 4 in. from the middle 
line, in the 4th intercostal space. 

In actual practice it is very rare to find , a chest 
which is perfectly symmetrical. Generally the right 
side is rather more capacious than the left, the right 
clavicle is tilted more than the left, and the spinal 
column almost always has a slight degree of lateral 
curvature. In inspection of the chest the examiner 
should first look at it from the front, then from the 
side, thereafter from the back, and, finally, he should 
look over the shoulders from behind and above, so 
as to see the profile of a horizontal section of the 
thorax. The last method is very useful in detecting 
lack of symmetry or unequal expansion on the two 
sides. The neck, especially as regards the manner 
in which it is set on the chest, and the epigastrium 
should be inspected at the same time as the thorax. 
In examining the chest from behind, it is important 
to note whether the vertebral borders of the scapulae 
are unduly prominent, whether they are equidistant 
from the middle line, and whether their lower angles 
lie at the same level on either side. 

Deviation from the normal form may affect either 
the whole of the thorax or localized parts of it. The 
abnormal shape of the chest as a whole may 
be grouped in three classes, according as it indi- 
cates merely a proclivity to lung disease, a history 
of former disease, or the existence of present disease. 
The first class contains the alar and flat chests ; the 
second the rickety chest, the pigeon breast, and the 
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chest with Harrison’s sulcus ; the third the barrel- 
shaped chest and the hollow or retracted chest. In 
these groups the changes affect both sides of the 
thorax, and so the symmetry remains undisturbed. 
In other instances the morbid conditions at work may 
lead to unilateral changes in the shape of the chest, 
one side having its volume either increased or dimin- 
ished, and being otherwise deformed. Lastly, the 
chest may exhibit local deviations from the normal 
form, due generally to local disease. 

2. Symmetrical diesis with features indi- 
cating* proclivity to lung diseases (“phthi- 
noid ” chests). — The two forms which belong to 
this class are the alar and the flat chest. 

i. The alar chest is one where the vertebral 
borders of the scapulae project unduly, and the 
shoulders droop. The cause of this appearance is to 
be found in the obliquity of the ribs, winch makes the 
projection of their curves and angles in the horizontal 
plane more sharp, leads to a long and rather shallow 
thorax, and is associated with a long neck and pro- 
minent throat. 

ii. The flat chest is due to a loss of the forward 
convexity of the costal cartilages, which become 
' more or less straight. As a result, the sternum is less 
distant from the vertebral column than usual. The 
flat chest is often, but not always, associated with 
the alar form. 

3. Symmetrical chests with features in- 
dicating past disease (and not seldom predis- 
posing to pulmonary disease). 

This group contains a number of forms, but only 
a few need be considered here. 

i. . The rachitic chest. — In rachitis the bones are 
less rigid than usual, and so are more readily deformed 
by any applied force.. From the nature of the disease 
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^^'part that yields most readily is that where the bone 
and cartilage meet, and therefore, when any cause 
prevents the free access of air to the lungs during 
inspiration, this part bends inwards before the pres- 
sure of the external air. A vertical groove is thus 
formed in this region, and persists even after the 
cause which first led to its production has disappeared. 
The section of a rachitic chest is shown in the accom- 
panying figure, where the depressions situated at a 
little distance from either side of the sternum are 
easily recognized. When the rachitic condition is 
severe the line of least re- 


— t j tt sistance becomes so weak that 
/ | no unusual obstruction to 

/ ^ \ inspiration is necessary in 

A )\ order to produce the grooves ; 

1 \ / \ the slightly lower air-pressure 

\ \ / / within the thorax, which is 

\ \ / / necessarily present during 

\\ 1/ inspiration, being sufficient to 

lead to its formation (Fig. 73). 

— ^ ii« The pigeon breast. — 

Fig. 73. — Cross section of rach- • r 

itic chest. (Gee.) The dotted .Here, m consequence Ol 
otHneTrth'esimeTg™ 8 ' s0 . m . e obstruction (often quite 
trivial) to inspiration at a 
time of life when the ribs are soft, they become 
straightened in front of their ^angles, where, owing 
to their smaller degree of curvature, they are most 
readily deformed by external pressure. The result 
is that the sternum becomes unduly prominent and 
projects beyond the plane of the front of the abdomen, 
so that there is a sharp angle at its lower end. At 
the same time the cross section of the chest ceases 


to be elliptical, and approaches a triangular form, 
the angles being situated at the sternum in front, and 
at the costal angles behind (Fig.. 74). 
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iii Harrison’s sulcus. — This is a transverse con- 
striction which, beginning at the level of the xiphi- 
sternum, passes outwards and slightly downwards. 
It seldom reaches as far as the midaxillary line. 
This deformity is due to the same cause as the last, 
but either the obstruction has been slighter, or the 
bones have been more fully hardened. 

The depression is therefore limited to the most 
yielding part of the chest, and this corresponds to the 
region where the cavity is widest. Lower down than 
the sulcus, the liver and other abdominal viscera had 


supported the chest wall 
and so prevented it from 
being drawn inwards ; 
whilst, higher up, the 
greater curvature of the 
ribs had enabled them to 
withstand the external 
pressure. 

The three deformities 
just described are fre- 
quently found together in 
one individual, and cases 
of pigeon breast almost 
invariably exhibit a well- 

4. Symmetrical 



Fig. 74.— Gross section of pigeon 
breast. (Gee.) The dotted line 
represents the normal outline. 


marked Harrison’s sulcus. 

sts with features indi- 


cating: present disease. 

i. In emphysema the increased volume of the 
lungs demands increased space for their accommoda- 
tion. To provide this, the ribs are less obliquely set 
than usual, while the spine becomes unduly concave 
Jorwards, and the sternum is much more arched than 
kinder normal conditions, while the angle of Louis 
gbecomes extremely prominent. 

§ ;l Since this increase of volume is accomplished by 
"the mechanism which is provided for the expansion of 
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the chest in inspiration, the latter can only he effected 
by movements of the chest as a whole, and so the 
accessory muscles of respiration have to take the 
place of the intercostals, thereby becoming abnormally 
conspicuous, whilst the diaphragm has a considerable 
excess of work imposed upon it. The chest of em- 
physema is described as u barrel-shaped. 

Kyphosis may produce a form of chest which 
closely simulates that of emphysema. 

ii. Bilateral hollowing: is an extreme case of 
the flat chest already described, and is caused by the 
existence of phthisis. 

5. Unilateral changes in tlic shape of the 
chest which affect the whole of one side. 

— -These may result either in unusual bulging or in 
retraction. 

Unilateral enlargement is due either to the 
presence of fluid* or of gas in the pleura, or to 
increase in volume of one lung due to a tumour or 
to compensatory hypertrophy. 

Diminution of volume results from shrinkage 
of the lung. This may be caused by phthisis, or it 
may be the result of adhesions formed during an 
^attack of pleurisy with effusion'. Collapse of a lung 
from obstruction of the bronchi may produce a similar 
result. 

Before connecting these changes with disease of 
the lungs or pleura, the observer must ascertain that 
fio scolwsis exists ; for the rotation of the vertebrae 
in this condition leads to a deformity which, when 

* The presence of fluid does not always cause enlargement of 
the affected side of the chest, although it often does so. Some- 
times, indeed, that side is smaller. The explanation is not very 
obvious, hut it must be recollected that the fluid is primarily 
accommodated by displacement of the lung, and only later, after 
the elasticity of the lung has been exhausted, wiU the contour of 
the thorax be altered, 
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inspected only from the front, it is almost impossible 
to discriminate from those just described.* Ab- 
dominal disease must also be excluded. 

6. Local changes affecting only part of either 
side. 

i. Bulging. — In emphysema the apices may pro- 
duce an unusual fullness above the clavicles, and in 
pleural effusion, especially when of a purulent nature, 
the interspaces which lie in the area of effusion often 
bulge considerably ; these phenomena may accom- 
pany a general enlargement, or occur without it. 

Tumours of various kinds, and disease of the 
- heart, may be the cause of localized bulging. 

ii. Shrinking. — In phthisis one or both apices are 
often contracted, and thereby a hollowing is produced 
above the clavicles. A similar condition occurs also 
in the infraclavicular regions, which may exhibit 
marked hollowing. This is particularly noticeable 
in Morenheim’s fossa. 

To detect either bulging or flattening (as well as 
diminished expansion) it is important to look tan- 
gentially along the chest either from above the 
shoulders or upwards from below. Both in phthisis 
and in other wasting diseases the interspaces are very 
sunken, and the ribs prominent, in consequence of 
the malnutrition of the muscles and subcutaneous 
tissues. • 

' Not infrequently a local shrinking is due to ad- 
hesions of the pleura resulting from a former attack 
of pleurisy. 

• iii. A funnel-shaped depression is sometimes 
found in the lower part of the middle line of the thorax 
in front. Sometimes it is congenital, or it may be 
developed in infancy with or without any obstruction 

* Scoliosis may, however, he induced by the retraction of a 
lung in a young subject. 
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to respiration being present. It extends in some cases 
as high as to the 3rd rib. A similar depression — 
though seldom of such magnitude — is found as a trade 
deformity in shoemakers. 

B. Movements of the Chest 

The movements of the chest during respiration also 
demand attention, and the rate of movement, its 
rhythm, its type, and its amount, must be noted. 

1. The rate for an adult in health is about 18 or 
20 respirations per minute, but there is a wide margin 
on either side of these figures. Increased rapidity 
may result from exertion, nervous excitement, fever, 
or defective aeration of the blood, whether this be 
due primarily to cardiac, pulmonary, bronchial, or 
laryngeal causes, or to some alteration in its oxygen- 
carrying power. It may also arise from the asso- 
ciation of pain with all attempts at respiration, as in 
pleurisy and peritonitis, when the breathing becomes 
shallow, and must therefore be more frequent to make 
up for the slighter expansion. 

The ratio between respiration and the pulse is 
|important. In health it is about IM A ; in pneumonia 
‘respiration may occur almost as frequently as the 
pulse ; in certain cases of narcotic poisoning the ratio 
may become 1 to 6 or 7. 

2. The rhythm varies very considerably even in 
health, and if the act be performed consciously it may 
become very irregular. Hence it is important to study 
it when the patient is ofi his guard, as only then can 
accurate observations be made. Either inspiration 
or expiration may be unduly prolonged ; the former 
being commonly associated with laryngeal or tracheal 
the latter with bronchial or pulmonary diseases. A 
peculiar type, where successive respirations gradually 
get deeper and deeper till a maximum is attained, and 
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then fall off again until a pause of complete apncea 
occurs, to be followed by another wave of gradually 
deepening and then diminishing respiration, is known 
as Cheyne-Stokes breathing:. The pause may last 
for fully half a minute, though it is often shorter, and 
the whole cycle is usually completed in less than two 
minutes. It is very conspicuous when the patient who 
exhibits it is asleep, or is unconscious ; but is apt to be 
overlooked if the patient is awake, and particularly if 
he is talking. Apart from completely typical Cheyne- 
Stokes respiration, various modifications, more or less 
nearly approaching it, occur. 

There is another form of respiration which is often 
mistaken for Cheyne-Stokes breathing, but which is 
really different . In this form, instead of a gradual 
increase in the depth of respiration from the apnoeic 
pause to the middle of the cycle, the deep breathing 
begins suddenly, and gradually diminishes, until the 
apnoeic pause is reached, thereafter to recommence 
once more with full vigour. It is often observed in 
cases of meningitis. 

3. Type. — Breathing, may be more evidently 
performed by the upper part of the thorax ; this is 
known as the thoracic type of respiration. It is 
found to a certain degree in women, but in its full 
development is either associated with paralysis of 
the diaphragm, or else is a result of its fixation from 
inflammatory causes or from increased abdominal 
pressure. 

'In men and young children the diaphragm and 
abdominal muscles play the most important part in 
respiration ; and in cases where the intercostal muscles 
are paralysed, or where some inflammatory and pain- 
ful condition, such as pleurisy or pleurodynia, exists 
in the thorax, the breathing may be wholly abdominal 
in type. 
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In health the male type of respiration may be 
described as abdomino=thoracic, and the female as 
thoracico«abdominaI, or almost purely thoracic. 

The presence of pain or dyspnoea should always 
be inquired for, and its exact nature noted. ( See 
Chap. II., p. 37.) 

L Regarding “ movement ” during respiration, 
the points to be noted are its amount, whether it is 
expansive in character, and whether it is similar, or 
different, on the two sides and over corresponding 
areas. 

Amount of movement and expansion are by no 
means interchangeable terms; in emphysema . the 
chest may move considerably, but there is little 
expansion. 

In comparing the two sides it will often be found 4 
that deficient or absent movement betokens pleurisy 
with effusion, or non-expansion of the lung from con- 
solidation or rigidity of its structure. 

Local deficiency in expansion is frequently a very 
important indication of phthisis, or it may be due to 
lobar pneumonia, the former especially at the apices, 
the latter at the apex or base according to the situa- 
tion of the disease. 

Sometimes one part of the chest wall lags behind 
the rest during inspiration* Any such lagging is 
important as suggestive of disease. The existence of 
any indrawing of the chest wall or of the interspaces 
during inspiration, or of any bulging during expira- 
tion, must be noted. Both may occur physiologically, 
in which case the conditions are present over the whole 
chest, and are not very conspicuous, or they may 
result from pathological conditions, when they some- 
times affect the whole thorax, at other times one side, 
and jet at others only appear locally. Examples of 
inspiratory indrawing are found in obstruction of the 
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larynx (general), or in blocking of some of the smaller 
bronchi (local). One of the best instances of localized 
expiratory bulging is seen at the apices of the lungs in 
advanced emphysema. 


Under the name of the diaphragm sign, Litten has 
described the occurrence of an indrawing of the lower inter- 
costal spaces during normal inspiration. The phenomenon had 
long been observed, but Litten has added considerably to our 
knowledge of its significance. The lower intercostal spaces, 
passing obliquely downwards and forwards, are crossed by the 
more horizontally disposed inferior borders of the lungs. When 
a breath is drawn a depression can be observed in each inter- 
space just below the point to which the border of the lung has 
reached, and it is obviously caused by the separation of the 
contracting diaphragm from the inner surface of the chest wall. 
As the inspiratory act is continued, this depression travels 
downwards, immediately preceding the advance of the expand- 
ing lung. 

In order that the phenomenon may bo seen to the best 
advantage the patient should lie on his back, the head but 
slightly elevated. The room should be lighted from a single 
window, towards which the patient’s feet are turned, and the 
observer should place himself with his back to the window at 
a distance of three or four paces from the patient, and at an 
angle of 45° to the line of the entering light. On instructing the 
patient to breathe rather deeply a moving shadow will be 
seen to mark the upward and downward passage of the depres- 
sion. The shadow is only visible in the interspaces, as the ribs 
are too unyielding, and its range will be found to extend, in a 
vertical line, over three or four interspaces during deep 
respiration, and over one or two when the patient takes 
ordinary breaths. In health the shadow can generally be seen 
with equal distinctness on both sides. It is readily visible on 
the anterior and lateral aspects of the chest, whilst in thin 
people it can be seen on the back also when they assume the 
knee-elbow position. 

Absence of the shadow on one side usually indicates some 
morbid condition of the lower part of the corresponding lung 
or pleural cavity, or paralysis of the phrenic nerve of that 
side. Irregular movements of the shadow arc suggestive of 
local adhesions. Alterations in the level of the shadow indicate 
an abnormal position of the diaphragm resulting from changes 
in- the thoracic or abdominal viscera. 
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III. PALPATION 
Palpation determines— 

A. Form of chest (confirms or modifies the results of 

inspection, q.v.). 

B. Movements of chest. 

1. Respiratory ( see also Inspection). 

2. Pulsations (Chap. IV.). 

I Palpable pleuritic friction. 

^ Palpable rales. 

C. Vibrations- r Increased. 

( Vocal fremitus - Diminished. 

Absent. 


D. Tenderness. 

E. Fluctuation. 

F. Resistance of chest walls to compression. 

' Palpation takes note, first, of the form and move- 
ments of the thorax ; second, of vibrations or tremors 
which are communicated to the hand ; and third, of 
the behaviour under pressure of any pain of which the 
patient complains. Under the first head inspection is 
supplemented; under the second, one learns something 
of the accompaniments — e.g. friction, or rhonchi— 
which interrupt the smoothness of the respiratory 
movements, and also of vocal fremitus, which serves 
^fco indicate the condition of the conducting media. 
The third enables one to detect the cause of many 
thoracic pains. 

Before making a systematic examination, it is well 
to lay the hand on any part of the chest which presents 
an obvious swelling, or where the patient complains of 
pain. In doing so the observer should remember to 
look at the patient’s face rather than at the part under 
examination, as he thus most quickly learns whether 
he is causing any avoidable suffering. Pain may be 
due to inllammatory conditions in the chest wall ; to 
intercostal neuralgia, where, as a Tule, specially painful 
spots can be discovered corresponding to the points 
where the branches of the affected nerves escape 
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through the fascia ; to intercostal myalgia, where the 
pain is aggravated by pinching the affected muscles ; or 
to pleurisy. In the case of pleurisy, pressure may con- 
siderably increase the pain by bringing the opposed 
surfaces of the inflamed pleura more firmly into con- 
tact. At the same time the nature of any swelling 
should be investigated. The hand will also supple- 
ment the information derived from inspection with 
regard to prominence of the intercostal spaces, and 
may occasionally detect fluctuation in them when there 
is pleuritic effusion. Fluctuation also occurs, and is 
much more distinct, when an abscess has formed in 
the chest wall. Such an abscess may be due to disease 
of the bones or soft parts forming the parietes of the 
thorax, or to pus which has broken through from the 
pleural cavity (empyema necessitatis). In the latter 
case the pus may often be driven back by gentle 
pressure, to reappear when the patient coughs. 

When these preliminary observations have been 
completed, the observer should direct his attention to 
the form of the thorax. Here the hand is best 
aided by mechanical appliances, such as the cyrto- 
meter, and by simple measurements. Tracings and 
measurements should be taken at the periods of full 
expiration and inspiration. In a well-formed adult 
male the girth of the chest at the level of the nipples 
should be 34 in. at the end of expiration, and should 
measure at least 2 in. more when a deep inspiration has 
been taken. Height, age, and build of course greatly 
modify these measurements, and insurance returns 
indicate that different races vary very considerably in^ 
chest girth. It is generally far more important to 
ascertain the increase of girth between expiration and 
inspiration, both full and ordinary, than to determine 
the exact circumference of the chest at either phase. 

If the -shape of a cross section of the chest is 
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required, a tolerably ef&cieat 

vised by conneetiugtw) pieces of 

gas~prpe, eacli about 2 it. long, oy & • - and 

tube. The hinge should be placed over the spme and 

the metal pipe moulded to the surface of the ^ chest it 
can then be opened at the hinge and c J ed a S a “ r °J is . 
a piece of paper, to which the outline sbou tr 
ferrcd if a permanent record is desired. To prevent 
anv risk of subsequent confusion, the back and ngl 
side of the tracing should at once be marked .as such 
and a line should be drawn torn the P 081 * 1 " 
hinge to the point in front which corn ispon ds with ^th 
middle of the sternum. The length of this line 
be checked by a pair of callipers, as a precautmn 
against accidental bendmg of the optometer du g 
its transference from the patient to the sheet of paper. 
For convenience in preservation, a reduced copy 
tracing may be made by means of a pantograph ; x 
this is done a note of the exact proportion between the 
original and the copy should be recorded on the latter. 
There is no difficulty in applying the same simple in- 
strument so as to obtain the outline of the chest m 
other planes than the horizontal. Thus, by placing 
the hinge above the shoulder, the two pieces ol pipe 
may be carried down the parasternal line m iront 
and in a corresponding line behind, whilst by sharply 
bending their lower ends outwardsthey may be made 
to cross each other in the axillary line and the point ot 
intersection marked. The instrument is then opened 
at the hinge and readjusted over the paper so as to 
yield the desired tracing. 

The nature of the respiratory movements 

must next be studied. It is important to make^ certain 
that the two sides of the chest move to approximately 

* Various more elaborate instruments have been devised, but 
they are cumbrous, and consequently not of great clinical use. 
The best of them is Dr. Graham Brown’s perigraph. 
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the same extent. This is done by fixing the finger- 
tips of either hand at the patient’s sides, and making 
the radial borders of the thumbs meet in the middle 
line in front of the chest. The hands being kept rigid, 
the patient is directed to take a full inspiration, when 
the distance of departure of the thumbs from the 
middle line indicates the extent of expansion of either 
half of the chest. 

Sometimes one half of the thorax lags behind the 
other ; this is readily detected by the hands no longer 
moving synchronously. 

The movements at the apices may be similarly 
observed. In this case the physician stands behind 
the patient, and, fixing his thumbs on the vertebrae, 
lets his fingers he over the right and left lung apices 
reaching towards the clavicles whilst the patient 
breathes deeply. Thereafter one hand should be 
placed on the front of the chest, and the other on the 
epigastrium. In health, as the chest expands, the 
epigastrium is also raised to a greater or less degree. 
If the epigastrium fall in with each expansion of the 
chest, there is reason to suspect paralysis or flaccidity 
of the diaphragm. Fixation of the diaphragm with 
immobility of the epigastrium during respiration is 
generally due to abdominal disease ( see p. 58). 

Vibrations may be detected by palpation. For 
this purpose the 'palm of the hand should be applied flat 
on the chest , and, since the sensitiveness of the two 
hands is often unequal, the same one should be employed 
on both sides . In addition to the vibrations already 
referred to in Chap. IV. (p. 127), fremitus may be 
due to pleural friction, to catarrhal changes in the 
mucosa of the bronchi, leading to local constrictions, 
or to fluid in the bronchi or in pulmonary cavities. 
After the presence or absence of these forms of fremitus 
has been determined, the observer should study the 
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vocal fremitus, or vibrations which the voice com- 
municates to the chest wall. These are conducted 
from the larynx by the trachea and bronchi to the 
smaller tubes within the lungs, and thence through the 
lung tissue to the surface. Anything which affects the 
conducting power of the air-passages or lung tissue, 
or the interposition of additional materials through 
which the vibration must pass to reach the palpating 
hand, will obviously affect the intensity of the fremi- 
tus. To test the vocal fremitus, the patient is told to 
repeat “ one, one, one/’ or “ ninety-nine, 1 ” in a clear 
voice. The hand placed on the thorax detects distinct 
vibration whilst this is done, and it must be deter- 
mined whether the vibrations in corresponding areas 
on the two sides of the chest are approximately equal 
in intensity— not, however, forgetting that where the 
heart encroaches on the left lung the fremitus is neces- 
sarily much diminished— and also whether they corre- 
spond to what former experience has led the observer 
to recognize as normal for the region under examina- 
tion, for a similar chest, and like pitch and loudness of 
voice. Vocal fremitus is increased when the voice is 
of a deep’pTtcE, when the chest wall is rigid, and often 
when it is thin, as also when the lung is consolidated, 
or contains a cavity near its surface. Since the right 
bronchus is wider and shorter tjian the left, whilst the 
septum separating the two bronchi occupies a position 
to the left of the centre of the trachea, the laryngeal 
sounds pass more freely along the right than they do 
along the left bronchus, and therefore the vocal fre- 
mitus is normally somewhat greater over th4 right* 
lung than over the left. Voc^|4reinitus is diminished 
when the pitch of the voice is high, when the chest wall 
is thick, and especially when there is much thigk&aing 
o f the .n leura. It is greatly diminished, or totally 
absent, when the lung is separated from the chest wall 
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by pleuritic ^ffusion. The cause in this case is not 
that fluid is a bad conductor of sound or of vibration 
--the reverse is the case — -but that the relaxed lung 
it^Ji^fails to conyey the vocal fremitus, and so the ' 
vibrations never reach the fluid. In young persons 1 
and in female subjects the vocal resonance is different 
both in character and intensity from that which occurs 
in male adults. The differences are due to the different 
conformation and degree of rigidity of the thorax, and 
to the distinctive pitch and quality of the voice in 
each instance. The resistance of the chest to com- 
pression is best estimated by placing the hand over 
the sternum whilst the patient is lying down, and at- 
tempting to press it backwards towards the vertebral 
column. The rigidity increases with advancing age, 
and also in certain diseases (e.g. in phthisis and in 
emphysema). Where this is so the prognosis is less 
favourable, as free expansion of the lung is hindered. 

IV. PERCUSSION 

Percussion determines — 

A. The boundaries of the lungs (topographical per- 

cussion). 

B. The resonance of the lungs. 

(a) Normal variations in different parts. 

(b) Abnormal alterations. 

( Increase (hyper-resonance). 

1. Quantitative -! Diminution, in varying degrees, from 

( slight impairment to absolute dullness. 

High-pitched. * ‘ 

2. Qualitative : Tympanitic Medium-pitched. 

Low-pitched. 

Skodaic. 

Boxyr 

Cracked-pot. 

Bell sound (coin percussion). 

Amphoric. 

But little need be added here to what has been 
already stated in Chap. IY. (p. 131) regarding the 
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theory of percussion. It must be recollected that it is 
a most difficult task to give even a partial explanation 
of the phenomena observed, from the standpoint of 
physics, and in practice it is rarely necessary to appeal 
to theory, as a long experience has enabled physicians 
to attach certain meanings, more or less empirically, 
to various percussion phenomena. 

It may, however, help the student to appreciate 
the various sounds when he hears them, if a few of the 
main factors in their causation are recapitulated. 

First, we have to consider the materials which pro- 
duce the sound. These are the pleximeter, the chest 
wall beneath it, and the subjacent viscus so far as it 
comes within the range of action of the percussion 
stroke. The pleximeter sound, by the choice of a 
suitable material, may either be rendered insignificant, 
or, in consequence of its special qualities, immaterial 
in its effect on the resonance. The chest wall yields a 
sound varying with the part struck, and depending for 
its quality on whether sternum, clavicles, ribs, or soft 
parts underlie the pleximeter. The sound due to the 
wall is, however, subordinate to that of the organ 
beneath when this contains air and the percussion 
stroke is firm enough. 

The character of the sound produced 

varies quantitatively and qualitatively, the quantita- 
tive variations depending on # the force of the blow 
delivered, and on the capacity of the part struck to 
resound to the blow. The quality of the sound 
depends on the particular vibrations which are elicited, 
and on the selective reinforcement of some of them by 
the resonance of the organs involved. 

When the i air in a cavity of sufficient size and 
appropriate shape is set into vibrations which are not 
modified by excessive tension of the containing walls 
of the space, the sound heard has a tympanitic char- 
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acter ; but when the cavity is subdivided into a num- 
ber of small loculi by numerous septa, more or less 
tense, a characteristic resonance, no longer tympani- 
tic, is produced. Such conditions prevail in the healthy 
lung, and the observer must learn by assiduous prac- 
tice to recognize its distinctive quality. In general 
terms, this pulmonary resonance may be said to be 
low in pitch and clear in character. 

In percussion over the lung we endeavour to ascer- 
tain three sets of facts : first, the position of the apices 
and lower border of the lungs, and also of that portion 
of the anterior border of the left lung which lies over « 
the heart ; second, the state of the lungs in regard to 
the quantity of air contained in their various parts, 1 
and the tension of their elastic framework ; and, third, j 
whether they are unusually remote from the surface j 
of the chest, the separation being due to thickened < 
parietes, or fluid or gas in the pleural cavity. 

The apices and borders. — Resonance can 
usually be observed in health for 1 J to 2 in. above the 
level of the clavicle. The apices are either equally 
high above the clavicles, or the right may reach a shade 
higher than the left ; if the right is a little lower than 
the left, or the left decidedly lower than the right, there 
is a probability of past or present disease in the lung 
whose apex fails to attain the normal limits. Should 
both apices be very low in level, there may be disease 
of both lungs. In emphysema both apices are gener-i 
ally found considerably higher than in health. When! 
the examination is made the patient must look straight 
before him, not turning the head to the side away from 
the examiner, as this alters the tension of the muscles 
over the lung. The percussion stroke should be 
moderately strong, and care should be taken that it 
is delivered quite perpendicularly to the surface. 
Whenever there is any doubt of the apices of the lungs 
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being normal the whole course of their upper borders 
should be determined. Commencing posteriorly at 
the level of the spine of the vertebra prominens, the 
limit of lung resonance in health passes outwards along 
a line which curves gradually upwards to reach the 
anterior border of the trapezius, about in. above 
the level of the clavicle. Thence it passes obliquely 
downwards and forwards until it approaches the outer 
border of the sterno-mastoid, when it inclines more 
directly downwards towards the clavicle. Sometimes 
it hardly reaches so far forwards as the sterno-mastoid, 
at other times the line runs along the surface of the 
muscle. In cases where the tracheal resonance inter- 
feres with the precise delimitation of the lung, the 
difficulty may be avoided by making the patient open 
his mouth, thus altering the pitch of the tracheal 
percussion note. * 

If disease of the upper lobe of the lung is suspected, it is 
advisable to percuss along the top of the shoulder from the 
acromioclavicular articulation inwards, noting the points at 
which the pulmonary resonance begins and ends. The dis- 
tance between these points can then be accurately measured 
on each side and any difference recorded. The record is 
valuable for subsequent reference. 

The lower border of the right lung lies over the 
liver, and is thin ; therefore its exact situation is best 
made out by light percussion. r Posteriorly, however, 
the muffling due to the thick muscles and fat of the 
back makes it necessary to percuss more firmly. 
When the patient is obese, very heavy percussion with 
several fingers may be necessary in order to penetrate 
the parietes, and bring the lung tissue within the 
sphere of influence of the blow. In quiet respiration 
the lower border is found to lie in the mammary line 
at the 6th rib, in the midaxillary line at the 8th rib, 
in the scapular line at the 10th rib, and, nearer the 
; vertebral column, as low as the 10th space. 
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On the left side the lower border overlaps the 
stomach, and so the transition is not from lung reson- 
ance to dullness, but to tympanitic stomach resonance. 
Posteriorly, however, the splenic dullness and the dull- 
ness of the various solid structures which lie below the 
lung near the spine are interposed, so that the condi- 
tions resemble those found on the right. 

The position of the lower border corresponds pretty 
closely with that on the right side ; it may, however, 
be found a trifle farther down. In old people the 
lower borders of both lungs extend beyond these 


xne nmits aescrioea 
inspiration, and in disease 
the volume of the air-con 
pneumothorax the lower 
considerably below the lii 
acter of the sound is diffe 
The limits are not al 
shrunken or consolidated 
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diaphragm, or when th£r< 
the pleura. In this case, 
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(Fig. 75). In consolidation of the lung, on the con- 
trarv tills area will not be diminished* 
t Since, in health, the borders of the lungs have a 
considerable range of movement during deep respira- 
tion whilst in the presence of disease the range is often 

Sa m tricW, if » import t. perc^ the 

and lower borders of the lungs during both expiration 
and full inspiration. A unilateral diminution of the 



Fig. 75. — ' Traube’s area in pleuritic effusion. 

a, portion rendered dull ; b, portion remaining resonant. 


range of movement, and still more a unilateral absence 
of movement either at the apex or base, is an important 
sign of early infiltration of the lung. Where the range 
of excursion is deficient at hoth apices the defect may 
be due either to bilateral disease, or to imperfect use 
of the lungs such as is often observed in sedentary 
persons. To this procedure Sir Robert Philip has 
applied the name “ tidal percussion ” 

Paving outlined the lungs, the character pt 
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the percussion sound over the various parts 

must be studied. Beginning in front, tbe examiner 
should tap lightly on the most prominent point 
of each clavicle — being careful to ascertain that the 
points examined correspond exactly with each other . 
— and should observe the quality of the sound, and 
particularly determine whether under like conditions 
of percussion the effects on the two sides are identical. 
Thereafter the other corresponding areas on either 
side should be carefully compared, many points being 
systematically percussed in each area, and especially 
in the supraclavicular triangles. The presence of the 
heart will obviously interfere, in certain parts of the 
- left side, with the development of a sound resembling 
that on the corresponding point on the right. 

When the front has been fully examined, the 
observer should percuss in both axillary and infra- 
axillary regions — the patient meanwhile holding his 
hands joined above Ins head ; lastly, the various areas 
posteriorly should be worked out ; the patient, if 
able to sit up, being instructed to fold his arms and 
bend slightly forwards. 

It is most essential at all parts of this examination 
that the patient’s attitude be a comfortable one, and 
that his arms and shoulders be placed symmetrically. 
The head must not be inclined to either side. 

If any of the regions are unusually hollowed, so 
that the finger cannot be readily adapted to them, a 
small cork will make a good pillar pleximeter. 

Should the patient’s chest be unsymmetrical, equal 
resonance on the two sides is not to be expected. 

In a healthy individual the resonance in the 
l various regions will exhibit certain characteristics : — 

Apices. — Clear, not very intense, as the vibrating 
mass is small, and tending to have a slight tympanitic 
quality added as the trachea is approached. The 
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right apes is usually rather less resonant than the 
left, and somewhat higher pitched. 

The reasons for the difference are that the right apex is 
less voluminous, as it is encroached upon anteriorly iby the 
great vessels, and that its inner aspect is in contact with the 
resonant trachea, whereas on the left side the inner aspect of 
the lung is in relation to non-resonant structures. 

Clavicular regions. Sternal end. — Clear, moder- 
ately intense, with tympanitic element due to trachea. 
Centre . — Clear, more intense than in supraclavicular 
or outer clavicular regions. Devoid of tympanicity. 
Outer end . — As centre, but less intense. 

Infraclavicular regions. — Clear and intense. 
Slightly tympanitic near sternum. 

Mammary regions. — Here there is naturally a 
difference between the two sides : on the right, the 
lung is encroached on in the lower part of this area by 
the liver ; on the left, the heart occupies a good deal 
of the space, and the stomach note is elicited through 
the thin lung at the lower part. In general, however, 
the pulmonary resonance is clear and fairly intense, 
except where the neighbouring organs come within 
the range of vibration. The chest wall here is thicker . 
from the presence both of the pectoral muscles and 
the mammary gland, and the sounds elicited are con- 
sequently more muffled’. „ * * 

In the inframammary regions the sounds are 
greatly influenced by the neighbourhood of the liver, 
the colon, and the stomach. The lung sound, how- 
ever, is clear, though not intense, the thin layer of 
lung becoming rapidly emptier of resonance as its 
lower border is approached. 

U ln the axillary regions the sound is more intense 
clearer than elsewhere, diminishing, however, in 
intensity at the lower part of each lateral area. . 
Posteriorly, the great masses of muscle which 
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clothe the back muffle the resonance and make it 
feebler ; and therefore firmer percussion, often with 
several fingers, is required. The scapular region is 
most muffled, the infrascapular least so. The inter- 
scapular and suprascapular regions are intermediate 
in quality. 

In disease the resonance may be affected (1) quan- 
titatively and (2) qualitatively. 

1. Quantitative. — Resonance is increased in 
emphysema (slightly), but at the same time the pitch is 
raised by the greater tension of the chest wall, and this 
in some cases not only prevents the increased resonance 
from being observed, but almost suggests dullness. 

When the lung tissue is relaxed, but still contains 
air, the effect of the septa which subdivide the air 
columns is for the most part abolished, and the sound 
becomes distinctly tympanitic. At the same' time the 
resonance is increased in intensity. This is some- 
times called Skodaic resonance, and occurs above the 
level of a pleural effusion, or in the upper portion of' 
a lung whose lower lobe is affected by pneumonic 
consolidation. When air has found its way into the 
pleural cavity the sound is, as a rule, intensely tym- 
panitic, unless the air be under considerable pressure. 
A characteristic form of high-pitched tympanitic 
resonance may be heard, in pneumothorax, by per- 
cussion over the front* of the chest with a couple of 
coins— one being used as a plessor and the other as a 
pleximeter — whilst the observer listens at the back of 
the patient. In very marked cases the sound is soft and 
musical, and has been compared to the chiming of a 
distant church bell ; in cases that are less pronounced 
it approximates rather to the stroke of a hammer on 
an anvil when heard a long way off. 

Instead of making use of coins, the chest wall may be 
flicked by the finger and thumb whilst the physician auscul- 
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tates, It will be found that the “ flick,” which is heard through 
the stethoscope over the normal chest as a dull thud, is con- 
verted into a ringing or chim- 
ing sound whenever the area of 
pneumothorax is reached. The 
alteration in note is more strik- 
ing than when coins are used, 
for it is no longer simply a dif- 
ference in intensity that is ob- 
served, but an entire change in 
the character of the sound. 



Fig. 76.— Pleurisy, with effusion, 
seen from behind. (Case 1.) 


Cavities in the lung, 
or the presence of large 
or medium bronchi within 
range of the percussion 
stroke, likewise cause the 
sound to become tympani- 
tic. A tympanitic sound, 
which may closely resemble 
that caused by the presence 
/)f a vomica, is heard when the portion of lung which 
lies between the trachea or primary bronchi and the 
surface becomes consolidated or 
retracted. This sound is some- 
times called “ Williams’s tracheal 
resonance,” and is most fre- 
quently discovered in the 1st or 
2nd intercostal spaces near the 
sternum, 1 * 

Resonance is diminished in 
cases where the pleura is thick- 
ened, or where there is consoli- 
dation of the lung — either of a 
whole lobe, as occurs in pneu- 
monia, or of small patches, as 
in early phthisis. In the latter 
instance a particular strength of Fig. 77 , -Pleurisy, with 
percussion stroke will in each case m the 




VI] PEKCUSSION 279 

be found to develop the dullness to the best advan- 
tage. according to the size of the solid patch and its 
distance from the surface. When fluid is present, as 
in hydrothorax or pleurisy with effusion, the dullness 
is absolute, and an unusual sense of resistance is 
experienced by the pleximeter finger. In pleurisy 
with effusion the upper limit of the fluid generally 
follows a curved line, as is shown in the accompany- 
ing figures (Figs. 76, 77, 78). 

In the cases of patches 
of solid lung substance the 
airless portion is often sur- 
rounded by a shell of tissue 
in which the septa are re- 
laxed. The result of per- 
cussion over this composite 
arrangement is to produce 
a sound whose resonance 
is less intense* and emptier 
than the healthy lung would 
yield, whilst what is left of 
it assumes a subtympanitic 
quality. The effect is de- 
scribed as a boxy or wooden raJ* U 

sound. 

4 2. Qualitative. — Several peculiar sounds which 
are produced by percussion in pathological conditions 
remain to be noted. 

Cracked -pot sound. — This is due to a sudden ex- 
pulsion of air through a constricted orifice. It occurs 
in cases where percussion is practised over a cavity 
which communicates with a bronchus of moderate 
size, and is most distinct when the mouth is opened. 
It has a hissing character, combined with a chinking 
sound like, that produced by shaking coins together. 
It is also heard in certain cases of thoracic fistula, and 
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occasionally in pneumothorax, as well as in the relaxed 
lung above the level of fluid in pleurisy, and near the 
consolidated area in pneumonia. If healthy children 
are percussed while they are crying, a cracked-pot 
sound is often produced. 

Amphoric resonance. — This phenomenon is due 
to the selective reinforcement of certain vibrations 
by a large cavity ; by this means the overtones are 
accentuated and die out more slowly. 

The following alterations in percussion sounds may be ob- 
served under certain pathological conditions ; their .explana- 
tion is for the most part simple from a physical standpoint : — 

(a) Tympanitic resonance, when due to the presence of a 
pulmonary cavity which communicates with a bronchus, is 
raised in pitch when the patient opens his mouth. 

(b) The pitch of the percussion sound over a cavity varies 
with the position of the patient. The most obvious explanation 
is that, if the cavity be partly filled with fluid, this varies in 
position, and .so alters the shape of the cavity when the patient 
changes his attitude. Other factors, however, often enter into 
the interpretation of this change. 

(c) The resonance over a cavity becomes higher in pitch 
during inspiration, and lower during expiration. The pheno- 
menon depends on the tension of the wall of the cavity. 

(d) In pneumothorax the metallic resonance is higher in 
pitch when the patient is lying down than when he sits up. 

In certain conditions of malnutrition tbe muscles 
on the front of the thorax ar^ unduly irritable. In 
these circumstances a light tap over the sternum pro- 
duces fibrillary contractions, at some distance off, in 
the pectoral muscles. This phenomenon often occurs 
in phthisis, and is known as 
myoidkma. 

Attempts have been made, with some measure of success, to 
map out not only the limits of the lungs but their several 
lobes, by placing a vibrating tuning-fork, whose stem ends in a 
small plate, upon an interspace in front of the chest, and at the 
same time auscultating posteriorly with an ordinary stetho- 


myotatic irritability 


or 
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scope. A marked difference can sometimes be observed in 
the note which is heard .when the stethoscope passes from one 
lobe to another, the tone being clearer and louder when the 
lobe against which the tuning-fork is placed is the one to 
which the stethoscope is applied. 

V. AUSCULTATION 
Auscultation determines — 

A. Character of respiratory sounds. 

r Normal. 

Puerile. 

Harsh. 

Jerky or cog-wheel. 

Feeble or absent. 

With prolonged expiratory 
^ murmur. 

mg (guttural [oh] I. & f Low-pitched (cavernous), 
or alpirate [ha] 3 1 Medium-ptched. _ 
in character) 


1. Vesicular breathing 
(rustling in character) 


2. Bronchial breath- 


.» -j Meaium-pitcnecl. 

U High-pitched (tubular), 


II. Amphoric Low-pitched, 
(with an echoing - Medium-pitched, 
quality added) High-pitched. 

3. Indeterminate or broncho-vesicular breathing. 

B. Vocal resonance. 

f Increase 
1. Quantitative | 
changes 1 

l Decrease 


Slight. 

Marked, Bronchophony. 
Extreme, Pectoriloquy. 
Slight. 

Marked. 

Entire absence, 
f iEgophony. 

{ Amphoric resonance. 


2. Qualitative changes 
0. Accompaniments. 

f j) rv [ Sibilant or high-pitcted. 

(SSSSV gw.*w. 

, t,., i f N on-resonant .or ( Jj 21 ?: 

Issr 

pi a ions) j ^sonant (metallic) j Medium. 
v V or consonant \ Coarse. 

2. Friction sounds. — Fine, medium, coarse, 

3. Splashing sounds, — Hippocratic succussion. 
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In auscultation three observations must be made 
at each point examined : First, the character of the 
breath sounds ; second, the character of the voca] 
resonance ; and third, the presence or absence oi 
other sounds. 

In order to make these observations with facility, 
the examiner should attend to the attitude of the 
patient, which must be as symmetrical and as uncon- 
strained as circumstances will permit. This is easily 
attained when the patient can sit up ; but if he is 
unable to do this he should be rolled round first to one 
side and then to the other, in order that the back, 
and especially the bases of the lungs, may be thor- 
oughly examined. The student must remember that 
in serious cases great injury may be done to a patient 
by too prolonged an examination. Care must be taken, 
especially when an ordinary single stethoscope is used, 
that the chest-piece is accurately applied, and that 
no undue pressure is exerted. The patient must be 
directed to breathe through the nose, regularly and 
fairly deeply, but not noisily. 

A. Character op Respiratory Sounds 

There are two typical varieties of breath sound, 
both of which are audible in health at certain parts of 
the chest, and these must be carefully studied. The 
first is known as vesicular breathing, the second 
as bronchial. The former is heard over healthy 
lung tissue, the latter over the trachea and main 
bronchi. 

In vesicular breathing, which can be heard 
typically in the axillary and infrascapular regions 
of a healthy individual, the foBovnngTScts will be 
noted : — 

The inspiratory sound is fairly intense, and is 
audible during the whole of the act. The pitch is 
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low, and the quality is characteristic, being some- 
what rustling. It is this quality which is especially 
described as vesicular. 

The expiratory sound follows that of inspiration 
without a distinct pause — unless, as not infrequently 
happens, the patient holds his breath for a second at 
the end of inspiration; it is less intense than the 
inspiratory sound, is lower in pitch, and lacks the 
vesicular quality, being more of a simple blowing 
sound. It only remains audible during the earlier 
part of the expiratory phase, and under normal con- 
ditions the inspiratory sound is heard for at least 
twice as long as the expiratory. 

To learn to recognize bronchia 8 breathing-, 
the student should listen over the trachea, though 
he must not expect to hear so intense a type of bron- 
chial respiration when he subsequently examines a 
diseased lung. 

The inspiration sound is moderately intense. ^ It 
becomes inaudible shortly before the end of inspira- 
tion. Its pitch is much higher than that of vesicular 
breathing, and the quality is blowing or hollow, with 
a guttural or aspirate intonation. 

The expiration sound is generally more intense 
than the inspiratory ; the pitch is often higher ; the 
duration extends through the greater part of expira- 
tion, being as long as, or even longer than, the in- 
spiratory sound, from which it is divided by the silent 
period that marks the end of inspiration. In quality 
it exactly resembles the inspiratory sound, being 
aspirate or guttural in character. This quality is 
sometimes described as “ tubular/’ but the same 
name is also applied to one of the varieties of bron- 
chial breathing, and so is better avoided. 

1, The principal variations which can be detected 
in vesicular breathing are as follows 
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L Puerile. — The sounds are harsher than in the 
adult, but have a similar duration. 

ii. Harsh, with prolongation of expiration, the 
character, however, remaining vesicular. This fre- 
quently indicates loss of elasticity of lung tissue ; 
hence it often occurs in early phthisis, but may occur 
in bronchitis. . 

iii. Jerky, interrupted, or “ cog-wheel ” inspira- 
tion. — Here the sound is not continuous, but occurs 
in waves or sharp jerks. This indicates irregular 
expansion of the alveoli, due to unequal elasticity in 
various parts of the lobules, and is therefore not 
infrequently present in early phthisis. It may also 
result, however, simply from nervousness, and to 
carry any weight as a physical sign it must be well., 
marked even on deep inspiration. Even then, how- 
ever, it may mean little or nothing, and should only 
take a very secondary place. 

iv. The respiratory murmur may be feeble, or 
even inaudible. In quiet breathing the expiratory 
sound is often quite absent. By making the patient 
breathe more deeply the murmur may be rendered 
audible. When marked, this condition may indicate 
defective expansion. 

Total disappearance of the breath sounds usually 
occurs below the level of fluid in pleuritic exuda- 
tion, because the relaxed lung does not conduct 
sounds well, and hence they are not conveyed to the 
fluid, which is itself a comparatively good conductor 
(see p. 296). If, however, there be only a small quan- 
tity of fluid present, the sounds may be faintly heard, 
as the relaxation of the lung tissue is less pronounced. 
Occasionally it happens that when a considerable 
quantity of fluid has accumulated, the breath sounds, 
instead* of disappearing, become loud, and possess a 
marked bronchial character. In such cases the vocal 
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resonance also is loud, but is usually more or less 
segophonic. This exceptional state of matters is most 
commonly observed posteriorly over the lower lobe 
of the lung, and may be due to collapse of part of the 
lung enabling the stronger vibrations which are pre- 
sent in a bronchus to be transmitted to the fluid with 
less loss of intensity than if they had first required to 
pass through air-containing lung. 

With regard to 'prolongation of the expiratory; 
sound, it must be recollected that in certain diseases,; 
such as emphysema and asthma, the expiratory act is * 
performed much more slowly than in health. In con- 
sequence of this, the respiratory sound may also be 
prolonged ; hence in these diseases prolongation of 
expiration conveys a meaning different from the usual 
one. 

Some patients are habitually shallow breathers, 
whilst others naturally breathe deeply. The ear can 
detect these variations, partly by the duration of the 
respiratory sounds, and partly by their intensity. 
The depth of breathing as estimated by auscultation 
is sometimes known as the “ respiratory excursion” 

19 2. Bronchial breathing is subdivisible into 
three varieties, according as the laryngeal respiratory 
sound is conveyed to the ear through consolidated 
lung from the larger, medium, or smaller air-passages, 
each of which, by reihlorcing certain elements of that 
sound, gives it a distinctive character. 

In the first case we have low-pitched bronchial 
breathing, the more capacious tubes responding best 
to the deeper-toned elements of the laryngeal mur- 
mur ; in the second case the pitch is medium ; in the 
last it is 'high. Low-pitched bronchial breathing is 
heard ^pathologically over moderately large cavities 
in the lungs, and ds hence s6metimes called cavern- 
ous; high-pitched bronchial breathing is beard when 
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consolidation lias occurred round the smaller tubes, 
as in pneumonia, where the most perfect examples of 
bronchial breathing may often be found. Here the 
character is aspirate rather than guttural. This 
variety is often known as tubular breathing . 

A special -variety of bronchial breathing exists 
under diseased conditions, and is known as amphoric 
respiration. It resembles the sound produced by 
blowing across the mouth of a bottle or the muzzle of 
a gun. The sound, when analysed, is found to consist 
of one or more low-pitched fundamental tones and a 
number of high-pitched overtones. It is characteristic 
of a direct communication between a bronchus and 
either a considerable cavity with fairly smooth walls 
or a pneumothorax. The latter condition yields the 
best examples. 

In c^ses where the resonance of a bronchus is within 
earshot of the observer, but where at the same time 
air-containing lung intervenes between the bronchus 
and the chest wall, the sound of the breathing com- 
bines both vesicular and bronchial elements, one or 
other type predominating according to the exact rela- 
tions in each case. This variety of breath sound is 
known as broncho-vesicular or indeterminate. In 
such cases it is usually the expiratory sound which 
has more or less of a bronchial character. It occurs 
in health in certain regions wftere anatomical causes 
favour its production, especially near the roots of 
the lungs behind, and in the upper portions near the 
middle line in front. The resonance of bronchi which 
lie so deeply in the chest as to be completely muffled 
by the thick layer of lung tissue that separates them 
from the ear may become audible when the tissue 
around them becomes solidified, and thus conducts 
the sounds more effectively. If the consolidation reach 
to the surface of the lung, the breathing will be 
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bronchial ; but if it fail to extend so far, bronchial 
breathing will be heard through the vesicular breath- 
ing which is still being produced between it and the 
surface. 

The breath sounds must be auscultated in the 
various regions that have already been examined by 
percussion, their character in each noted, and similar 
regions on the two sides of the chest compared ; care 
being taken that the points examined correspond 
accurately to one another. 

B. Vocal Resonance 

The second series of observations is directed to 
tlte Intensity and character of the vocal 
resonance. It varies in intensity even in health 
on the two sides and over different areas of the lung, 
being louder on the right side, and more intense the 
nearer the stethoscope is to the larger bronchi. When 
the patient repeats the words “ one, one, one,” or 
“ ninety-nine,” the ear receives from the chest no 
distinct impression of the syllables pronounced, but 
only a buzzing sound, whose intensity depends on the 
loudness and depth of the patient's voice and on the 
conductivity of his lungs. Other words or sentences 
may be used instead of the above, but on the whole 
these are well adapted to produce satisfactory and 
uniform vibration of the chest, and are therefore suit- 
able for the purpose of comparing different points with 
one another. 

An easy way of keeping a standard of intensity in 
the mind when examining is to conceive of the sound 
taking rise at different distances from the observing 
ear.* f In some cases the sound is very distant. This 

* The same method is to some extent applicable to the examin- 
ation of breath sounds. It is rather arbitrary, as it does not take 
account of the differences which are normally found in different 
areas Qf the chest; still, it is seryipeable, especially for beginners. 
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is equivalent to “ marked decrease ” in vocal mom 
anee. Sometimes the sound appears to ^ producea 
at a little distance from the chest-piec^ 
scone In this case the resonance is slightly decreasea 
and to make certain of this, a comparison shouM at 
once be made with the corresponding point over the 

° tk i r nfac|' as in percussion and palpation so in esti- 
mating resonance— each point examined 
side of the chest should be at once compared with 
the corresponding point on the other side. Vocal 
resonance of normal intensity generally conveys the 
impression of being produced ust at the chest-piece 
Z single stethoscope. If it seems to be nearer the 
ear than this, the resonance is increased. When it is 
, Sr the ear piece of the stethoscope the increase is 
“ marked,” and the condition is often described as 

br °If the words become articulate and seem to be 
spoken right into the auscultator’s ear, it will generally 
be found that even whispered words are clearly heard. 
This condition is called pectoriloquy. Increased re- 
sonance occurs when, through any cause, the lung 
substance conducts the sound-waves set *P 
voice more clearly than usual from the bronchi. Con- 
solidation is the commonest cause of increased lung- 
conductivity. Bronchophonyoccuxs, when a moder- 
i Wvn/Om a ifl snrTmmdea by a layer 01 solid 



lung reacnmg to tne uue&u w^, x ^ 

characteristic of a cavity of some size communicating 
with a bronchus. In some cases, however, a certain 
degree of pectoriloquy is heard over the front of 
the upper lobe of the lung when the lower lobe is 
compressed, as, for instance, by pleuritic effusion. 
Csrte must be taken that the articulate sounds do not 
MaCh the observer either through the other ear or by 
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the patient’s lips being directed towards the stem or 
ear-piece of the stethoscope.* 

For reasons already explained, vocal resonance is 
either entirely abolished or much diminished where 
a layer of fluid separates the lung from the chest 
wall (see p. 284). It is also diminished in cases of 
thickened pleura, and of emphysema. 

In certain conditions the quality of the vocal 
resonance undergoes modification. Pectoriloquy has 
already offered us an example of such a modification, 
but a noticeable change also occurs in pneumothorax, 
when an amphoric or metallic echoing resonance is 
imparted to the voice, as well as to the breath and 
heart sounds. Another alteration in the quality of the 
“ vocal resonance is observed in some cases of pleurisy. 
When the quantity of effusion is rather scanty, so 
that the lung is only separated from the chest wall 
by a thin layer of fluid, a nasal or bleating character 
may be imparted to the voice. This bleating tone is 
observed much more frequently at the back, near the 
lower angle of the scapula, or between that point and 
the axillary line, than it is over other regions of the 
thorax. It is known as segophony, and is probably 
due to collapse of the bronchial tubes. f 

* Laennec (“ Traite de 1’ Auscultation Mediate,” 2nd ed., vol. i., 
p. 60, et aeq.) formally defines pectoriloquy as “la resonance de 
la voix qui se fait dans une Excavation formee aocidentellement 
au milieu du tissu pulmonaire,” and this definition was endorsed 
by the Committee of the International Medical Congress held in 
■ London in 1881. There is no doubt, however, as has been indicated 
by Flint and others, that in certain cases pectoriloquy can be 
heard over solidified lung in the absence of cavity formation. 
Probably in most of these cases one is dealing with a somewhat 
thin layer of solid lung overlying a bronchus. In Germany many 
authorities use the term as equivalent to well-marked broncho- 
phony, but Laennec distinguished clearly between them. 

fLr. Stone (quoted in Fagge’s “Textbook of Medicine,” 
4th ed., vol. i., p. 1038) considers that the peculiar quality of the 
voice is due to the fundamental tone being intercepted by the 
-effusion to a much, greater degree than the overtones, 
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C. Accompaniments 

The last series of observations is directed to the 
detection and recognition of various adventitious 

sounds. . 

These may arise either in the lung or m the pleura, 
and it must never be forgotten that sounds by no 
means very dissimilar may be produced by the friction 
of the stethoscope on a hairy chest wall ; but the 
latter can usually be suppressed by moistening the 
skin. The accompaniments arising in the lung and 
bronchi themselves first demand attention. 

Such accompaniments are collectively known as 
rales, and are subdivided into dry rales and moist 
rales. Dry sounds, known also as rhonchi, are pro- 
duced in the air-passages, and are due to partial 
obstruction of their lumen either by swelling of the 
mucosa or by the presence of tough secretion. The 
mechanism of their production is thus comparable with 
that to which cardiac murmurs owe their existence. 

They vary in pitch, the variations being in a great 
measure due to the size of the tubes where they take 
origin. The smaller tubes are the seat of high-pitched 
or sibilant rhonchi, and these are most abundant 
during the latter part of inspiration ; the medium- 
sized tubes yield medium-pitched rhonchi, and the 
larger bronchi produce the*deep-toned or sonorous 
rhonchi, which are heard early in inspiration, and 
may be almost continuous. Dry sounds are charac- 
teristic of bronchitis, but are also found quite apart 
from any definite bronchitis in certain other diseases 
of the respiratory system, such as cases of phthisis 
when the bronchial tubes get plugged. 

Moist rales, also called crepitations, are discon- 
tinuous sounds, and are produced either in the alveoli 
or in the bronchioles and bronchi. They produce on 
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the ear a noise like the bursting of smaller or larger 
air-bubbles, and indicate the presence of fluid secre- 
tions in the air-cells or tubes. They are classified as 
fine, medium, and coarse or bubbling.* 

Fine crepitations are caused by the opening up of 
collapsed alveoli whose walls have been agglutinated 
by the exudation of a little fluid secretion. This at 
first causes them to adhere, but, as the air-pressure 
gradually increases during the movement of inspira- 
tion, the adhesion at last gives way suddenly, and 
allows air to enter. The separation of the walls is 
accompanied by a cracking sound, which can be 
imitated by separating the moistened forefinger and 
thumb near the ear. When this condition occurs in 
a number of alveoli, the combined effect is to produce 
a sound of fine crepitation. It occurs only f near the 
end of inspiration, as is to be anticipated from its 
mode of production, and indicates the presence of exu- 
dation in the alveoli of the affected part of the lung. 
Fine crepitations are very characteristically present 
during the first stage of pneumonia, and in acute con- 
gestion from any cause ; they are also met with in 
early miliary tuberculosis. After atelectasis they are 
occasionally heard, and in oedema of the lung they 
are found in association with bubbling rales caused by 
the simultaneous presence of fluid in the bronchi. 

Medium crepitations* occur chiefly in the smaller 
bronchi, and are audible at the end of inspiration and 
the beginning of expiration. They are caused by the 
air bubbling through fluid secretion which has been 
poured out into the lumen of the bronchi. 

Coarse bubbling crepitations occur in the larger 
divisions of the bronchi, and may be heard at almost 

r *The term “crepitation” is sometimes restricted to the first 
variety, the others "being called fine and coarse bubbling rales. 

t Barely, a few sounds closely resembling fine crepitations are 
heard during expiration. 
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any phase of respiration ; they may be quite con- 
tinuous in their occurrence. Coarse crepitations may 
also originate in pulmonary cavities. 

Sometimes the rales are non-resonant or toneless. 
In this case they occur, as a rule, in spongy lung-tissue ; 
but in other cases they are quite resonant, and con- 
vey an impression to the ear of being all possessed 
of a definite pitch. There are only two conditions in 
which resonant rales are present — either consolidation 
exists, or there is a cavity of sufficient size to act as 
a resonator for rales which are produced either in itself 
or in a neighbouring bronchus. 

The highest degrees of resonance are known as 
metallic and tinkling consonances. Here the rfilcs 
have a very distinct high pitch, and give the impres- 
sion of a shower of drops falling into a metallic vessel, 
which reverberates the sound of their fall. This is 
associated with amphoric breathing, and, like it, 
suggests either a large cavity or pneumothorax. 

The position where rales are heard greatly influ- 
ences the importance 'to be attached to their presence. 
If heard at the apex, they at once suggest phthisis ; 
whilst medium and coarse crepitation at the bases may 
be due merely to a transient exudation which will 
rapidly disappear. When the patient has been breath- 
ing quietly for some hours, and especially if he lias been 
lying in bed, a few crepitations, even if heard at the 
apex, may be due to temporary causes, though they 
should always be regarded with a degree of suspicion. 

The commonest accompaniment arising in the 
'pleural cavity is a friction sound characteristic of 
pleurisy at the stage where exudation is not abundant 
enough to separate the inflamed and roughened sur- 
faces. It possesses a creaking or rubbing character, 
often quite characteristic ; but sometimes, when less 
well marked, rather hard to distinguish, from a r&le: 
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The friction sound may be fine, medium, or coarse. In 
some instances it is palpable, but, since coarse rales 
may be so too, this does not serve to distinguish them. 

The chief features of difference are that friction 
sounds occur during that part of inspiration when the 
roughened surfaces are rubbing against each other, 
to reappear at a corresponding period of expiration. 
They are, moreover, xmchanged after the patient has 
coughed, whilst rales may alter under these conditions 
because of changes in the disposition of the secretion 
which causes them. The fact that friction is some- 
times more localized than crepitation may also be of 
service. Sometimes friction is markedly intensified 
by increasing the pressure with which the stethoscope 
is applied. This acts by causing the roughened sur- 
faces to rub against each other more firmly. Pressure 
does not affect the intensity of rales. The situation of 
the doubtful sound, or the presence of pain, or some 
point in the history of the case, may assist the observer 
in arriving at the diagnosis. 

It must never be forgotten that the presence of one 
form of accompaniment does not exclude the others. 
Any two or all three may be found coexisting in one 
case. When pleuritic friction is developed along the 
anterior edge of the left lung, and especially when that 
part of it which is in relation to the apical segment 
of the heart is affected® the friction sounds often 
assume the rhythm of the heart-beat rather than that 
of the respiratory movements. Hence the sound is 
liable to be mistaken for pericardial friction. To dis- 
tinguish between this so-called pleuro-pericardial fric- 
tion and that of true pericarditis will rarely be very 
difficult if it is recollected that the former, depending 
as it does on the apposition of two roughened patches 
of pleura, is only heard during those phases of respira- 
tion when the patches are in contact. Hence a deep 
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inspiration, by removing one of them from the other, 
may prevent the production of the sound, whilst in 
other cases holding ‘the breath, or emptying the lungs 
as completely as possible, may lead to a like result. 
In short, pleuro-pericardial friction is much more 
dependent than true pericardial friction on the move- 
ments of respiration. 

Hippocratic succussiou is the name given to 
a splashing sound which can be heard when a patient 
who has both gas and fluid (usually pus) in the pleural 
cavity is shaken or moves suddenly. 

Post-tussive suction is the term applied to a 
sucking noise, resembling that produced by an india- 
rubber ball that has been compressed and is springing 
open again, which is sometimes heard immediately 
after a cough. It occurs over a cavity in the lung 
when its walls are not too rigid, and is caused by the 
re-entry of the air. When distinctly heard it is of 
considerable diagnostic value, as it can only occur 
when a cavity i& present. 

VI. PHYSICAL SIGNS OF THE PRINCIPAL 
PULMONARY DISEASES 

1. Acute bronchitis. — The patient is somewhat 
breathless, and coughs. The .sputum is at first mucous 
and scanty, but subsequently becomes muco-purulent 
and abundant. On percussfon the resonance is nor- 
mal ; on auscultation the breath sounds are vesicular, 
and accompanied by sonorous and sibilant rhonchi, 
the latter being especially prominent when the smaller 
tubes are implicated. The vocal resonance is unaltered. 

2. Chronic bronchitis. — The signs resemble 
those of acute bronchitis, but pain is less, and 
dyspnoea is more marked. The sputum is abundant 
and muco-purulent. Coarse crepitations are usually 
abundant. 
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3. Emphysema. — The patient suffers from 
breathlessness, and is often somewhat cyanosed. He 
generally has a good deal of cough and some ex- 
pectoration. The chest is barrel-shaped, and its 
expansion during inspiration is insufficient, whilst the 
expiratory phase of respiration is prolonged. On per- 
cussion there is a hyper-resonance, sometimes a trace 
of tympanicity. The borders of the lungs encroach 
on surrounding organs, and the area of superficial 
cardiac dullness may be greatly lessened. Ausculta- 
tion reveals weak breath-sounds and diminution of 
vocal resonance. This disease is often complicated 
by chronic bronchitis, and then the breath sounds 
become harsher than normal, and there is considerable 
prolongation of the expiratory nfhrmur. 

4, Pulmonary tuberculosis. — The earliest 
signs are often loss of weight and appetite, cough, and 
tendency to sweating during the night. At a later 
stage one finds severe coiigh, especially in the morn- 
ing, sometimes haemoptysis, increased rate of respira- 
tion, diarrhoea, hectic fever, and the other symptoms 
of an acute inflammatory disease. Inspection reveals 
in many cases a phthinoid chest with local retraction 
and defective movement. By palpation one detects 
increased vocal fremitus ; by percussion, localized 
dullness, especially above or below the clavicle, and 
sometimes the physical signs of a cavity are apparent. 
By auscultation one finds that expiration is prolonged, 
or that the breathing is bronchial in character. The 
breath sounds are accompanied by crepitations, most 
of which are of medium size. The phenomena of per- 
cussion and auscultation over the apex of the right 
lung are frequently equivocal : one is only justified 
in diagnosing phthisis there when the physical signs 
are very well marked. The sputum contains tubercle 
bacilli, and often* also elastic tissue. 
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inspiration, by removing one of them from the other, 
may prevent the production of the sound, whilst in 
other cases holding'the breath, or emptying the lungs 
as completely as possible, may lead to a like result. 
In short, pleuro-pericardial friction is much more 
dependent than true pericardial friction on the move- 
ments of respiration. 

Hippocratic succiissiou is the name given to 
a splashing sound which can be heard when a patient 
who has both gas and fluid (usually pus) in the pleural 
cavity is shaken or moves suddenly. 

Post-tussive suction is the term applied to a 
sucking noise, resembling that produced by an india- 
i. hber ball that has been compressed and is springing,, 
op&b^gain, which is sometimes heard immediately 
after a cough. It occurs over a cavity in the lung 
when its walls are not too rigid, and is caused by the 
re-entry of the air. When distinctly heard it is of 
considerable diagnostic value, as it can only occur 
when a cavity is present. 

VI. PHYSICAL SIGNS OE THE PRINCIPAL 
PULMONARY DISEASES 

1. Acute bronchitis. — The patient is somewhat 
breathless, and coughs. The.sputum is at first mucous 
and scanty, but subsequently becomes muco-purulent 
and abundant. On percussion the resonance is nor- 
mal ; on auscultation the breath sounds are vesicular, 
and accompanied by sonorous and sibilant rhonchi, 
the latter being especially prominent when the smaller 
tubes are implicated. The vocal resonance is unaltered. 

2. Chronic hron chilis. — The signs resemble 
those of acute bronchitis, but pain is less, and 

' dyspnoea is more marked. The sputum is abundant 
and muco-purulent. Coarse crepitations are usually 
abundant. 
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3. Emphysema. — Tlie patient suffers from 
breathlessness, and is often somewhat cyanosed. He 
generally has a good deal of cough and some ex- 
pectoration. The chest is barrel-shaped, and its 
expansion during inspiration is insufficient, whilst the 
expiratory phase of respiration is prolonged. On per- 
cussion there is a hyper-resonance, sometimes a trace 
of tympanicity. The borders of the lungs encroach 
on surrounding organs, and the area of superficial 
cardiac dullness may be greatly lessened. Ausculta- 
tion reveals weak breath-sounds and diminution of 
vocal resonance. This disease is often complicated 
by chronic bronchitis, and then the breath sounds 
become harsher than normal, and there is considerable 
prolongation of the expiratory nfhrmur. 

4. Pulmonary tuberculosis* — The earliest 
signs are often loss of weight and appetite, cough, and 
tendency to sweating during the night. At a later 
stage one finds severe cofigh, especially in the morn- 
ing, sometimes haemoptysis, increased rate of respira- 
tion, diarrhoea, hectic fever, and the other symptoms 
of an acute inflammatory disease. Inspection reveals 
in many cases a phthinoid chest with local retraction 
and defective movement. By palpation one detects 
increased vocal fremitus ; by percussion, localized 
dullness, especially above or below the clavicle, and 
sometimes the physical signs of a cavity are apparent. 
By auscultation one finds that expiration is prolonged, 
or that the breathing is bronchial in character. The 
breath sounds are accompanied by crepitations, most 
of which are of medium size. The phenomena of per- 
cussion and auscultation over the apex of the right 
lung are frequently equivocal : one is only justified 
in diagnosing phthisis there when the physical signs 
are very well marked. The sputum contains tubercle 
bacilli, and often, also elastic tissue. 
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5. liobar pneumonia is recognized by its sud- 
den onset, with rigors, cough, and pain in the side, 
associated with fever, which remains continuously 
high. The face is flushed, the breathing rapid, and 
the sputum, which is not copious, is rust-coloured and 
excessively tenacious. The microscope reveals the 
presence of pneumococci. The physical signs vary 
with the stage of the disease. First stage : Percussion 
sound rather tympanitic but slightly dull, fine cre- 
pitations present. Second stage : Absolute dullness • 
on percussion, high-pitched bronchial breathing, in- 
creased vocal resonance and fremitus. Third stage : 
Diminution of dullness, disappearance of bronchial 
breathing, presence of medium and some fine crepita- 
tions ; vocal resonance and fremitus return to normal. 

6. Chronic interstitial pneumonia. — The 
patient complains of some breathlessness on exertion, 
and of cough with rather copious muco -purulent ex- 
pectoration. The sputum may be fetid, or, when the 
disease is a pneumoconiosis, may contain character- 
istic elements. The physical signs are a gradually 
developed flattening over the affected region, where 
also expansion is absent, or defective and delayed 
the shoulder of the diseased side droops. On percus- 
sion there is a dull area surrounded by one where the 
resonance is boxy, and the heart is drawn over by the- 
contracted lung. Auscultation reveals feeble or bron- 
chial breathing, and a few crepitations and rhonclii. 
The vocal resonance and fremitus are exaggerated, 

T. Pleurisy is characterized by the presence of 
fever* pain in the side, restrained but rapid breathing,- 
and suppressed dry cough. In the earliest stage fine 
friction is audible before any other abnormal signs 
can be detected. Subsequently, as fluid gathers, the 
affected area becomes dull, whilst the lung above yields 
a tympanitic resonance. As the dullness increases, 
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tlie breath sounds, vocal resonance, and fremitus 
diminish in intensity, and at last they wholly disap- 
pear. Above the level of the fluid, during the height 
of the disease, the breathing may be somewhat bron- 
chial and accompanied by fine crepitations. As the 
fluid is reabsorbed in process of recovery, the dullness 
again decreases, whilst the breath sounds and vocal 
resonance gradually return ; and when the fluid has 
almost disappeared, friction is once more heard, but 
now of a much coarser character than at first. In 
certain cases, for some time during the advance and 
again during the recession of the disease, £egophony 
occurs. In massive effusions the neighbouring organs 
are displaced, and there may be bulging of the inter- 
costal spaces. 

In cases of pleurisy with effusion an area of paravertebral 
dullness- is often found on the opposite side from that where 
the disease exists. This area takes the form of a right-angled 
triangle whose apex lies about the level of the upper border 
of the effusion, and whose base, corresponding in level to the 
lower border of the lung, extends to a distance of 2| or 3 in. 
from the spine. It varies somewhat in extent with the 
attitude of the patient, and is frequently observed to diminish 
when the patient lies on the affected side. It is usually known 
as Grocco’s triangle. 

8. Pneumothorax. — The patient complains of 
sudden pain and breathlessness. The affected side is 
distended and immobile, or lags behind the #ther. On 
percussion there is a loud, deep resonance more or less 
tympanitic, and by coin-percussion a characteristic 
ringing sound is elicited. The breath sounds and vocal 
resonance are absent, or, if a bronchus communicates 
with the pneumothorax, are replaced by amphoric 
breathing and resonance, whilst if fluid is present one 
may hear metallic tinkling and elicit Hippocratic 
succussion. The surrounding viscera are displaced. 

9. Haemorrhagic infarction of the lung 
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occurs in the course of valvular heart disease, and is 
characterized by the sudden onset of pain associated 
with blood-stained expectoration. If the infarct is 
near an accessible portion of the surface of the lung, 
one can discover a patch of dullness, with altered 
breath sounds and crepitations. 

10. Asthma may usually be regarded as a symp- 
tom rather than a disease. Cardiac asthma has 
already been described, and asthmatic conditions may 
likewise arise from polypi or other sources of reflex 
nasal irritation, or from disease of the stomach or 
kidneys. The form known as bronchial or “ spas- 
modic ” asthma results mainly from spasm of the 
muscles of the smaller bronchi. In it the patient is 
found sitting up or leaning forward with the hands 
fixed on some object in order to give additional pur- 
chase to the accessory muscles of respiration., The 
face is flushed and the vessels are turgid. Expiration 
is prolonged and laboured, and the lungs are too full 
of air. Percussion yields a somewhat hyper-resonant 
sound. Auscultation reveals at first musical rales 
and wheezing sounds, with marked prolongation of 
expiration. After secretion has been established, 
deeper rhonchi become audible. The sputum, which 
is scanty, contains small lumps, in which Cursch-, 
mann’s spirals and Charcot-Leyden crystals are found. 

11. Signs of pressure on a main bronchus* 
— The signs in this condition are not uniform, but 
the following are fairly typical : There is no marked 
dyspnoea until an advanced stage of the disease, 
except after a severe paroxysm of cough, but the rate 
of respiration is usually somewhat increased. The 
patient often suffers from spasmodic cough, caused by 
the difficulty of forcing tough sputum through the 
stricture. On examining the thorax one finds that the 
sound side is expanded, and shows a large respiratory 
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excursion and low position of the diaphragm, whilst 
the breath sounds are vesicular, but harsher than 
usual. On the affected side there is usually some 
general retraction. Mobility is limited or wholly 
absent. Inspiratory retraction of the intercostal spaces 
often occurs. A peculiar respiratory vibration is 
sometimes felt near the constricted part of the bron- 
chus, and vocal fremitus is diminished over the whole 
side of the chest. On percussion the resonance is 
normal in the earlier stages, but as the access of air 
becomes more obstructed the note rises in pitch. 
Eventually dull areas due to tumour or pleurisy may 
appear. On auscultation the breath sounds are at 
first harsh and blowing, especially in the upper inter- 
scapular region ; subsequently they generally grow 
weak, but a rough respiratory murmur is audible near 
the point of stenosis. Finally, the breath sounds are 
wholly extinguished, and a deep, sonorous rhonchus, 
best heard in the interscapular region, alone remains. 
Vocal resonance is diminished, and may be almost 
segophonic. The changes in the lung may affect 
neighbouring viscera, and the heart may be drawn 
towards the affected side by the retraction of the 
airless lung, or thrust from it by the growth of an 
aneurysm or malignant tumour. Pain is less common 
than a sense of localized oppression. 

VII. THE SPUTUM 

The characters of the cough have already been 
treated of in a previous chapter (Chap. II., p. 38). It 
remains to add a few notes on the appearance and 
examination of the sputum in different diseases. 

Naked-Eye Inspection op Sputum 

The following are the principal points to be 
observed with the naked eye : — 
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1. Quantity. 

2. Consistency. 

3. Whether homogeneous or in layers of dif- 
ferent appearance. 

4. Whether frothy or airless, 

5. Colour and transparency. 

6. Odour. 

The above qualities depend on the character of the 
material which is coughed up. The main varieties are 
mucous sputum, serous sputum, fibrinous sputum, 
purulent sputum, and blood. In many instances 
transition types between them are observed. 

Mucous sputum is characteristically present 
in early bronchitis. It is clear, tough, and sticky. 
As a rule, the amount is not great. At a later stage 
of bronchitis the mucus is mixed with pus cells. The 
sputum is then less tough, more copious, and has a 
greenish-yellow colour. 

UIiico -purulent sputum occurs in many dis- 
eases of the lung. • In phthisis with cavity formation 
one often finds small ragged lumps of muco-pus, sur- 
rounded by mucus, which are heavier than the other 
constituents since they are airless. They therefore 
sink to the bottom and become more or less flat and 
button-like. This constitutes the "nummular” spu- 
tum of phthisis. If there be a fair amount of serous 
or watery fluid mixed with such sputum it gradually 
settles into three layers, the lowest being purulent, the 
next serous, and the uppermost composed of frothy 
mucus. 

Sputum composed of pus alone usually proceeds 
from an abscess which has ruptured into the lung or 
air-passages. 

Serous sputum occurs apart from mucous ex- 
pectoration as a thin, watery fluid, generally blood- 
stained. It indicates oedema of the lung. Pulmonary 
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'oedema without extravasation of blood yields a white 
frothy sputum like soapy water. 

Blood may be coughed up alone, or the sputum 
may be more or less bloodstained. It must be distin- 
guished from blood brought into the mouth from epis- 
taxis, gastric haemorrhage, or bleeding from varicose 
veins in the walls of the oesophagus. Its brighter 
colour and its frothy appearance often make the dis- 
crimination perfectly simple. When it comes from 
the lungs its presence may result either from pul- 
monary or cardiac disease, or from aneurysm. 

Several diseases cause a characteristic colora- 
tion of the sputum. Thus, in pneumonia it is 
rusty, and so viscid that it often will not fall out of an 
inverted spittoon ; it is bright-yellow or green when 
a liver abscess has ruptured into the lung, and the 
latter colour also appears in some cases of pneumonia. 
Sometimes, when an amoebic hepatic abscess has dis- 
charged by the lung, the sputum has the appearance 
of anchovy sauce. Black sputum is common with 
coal miners, whilst red-streaked sputum is suggestive 
of phthisis. Prune=juice sputum occurs when blood 
lingers in a lung which has become cedematous. Thus 
it is found in cases of chronic pneumonia that are going 
on to disintegration of the lung tissue. Red=currant« 
jelly sputum is said to be characteristic of malignant 
disease in the lung. It has also been found in hysteria. 

The quantity of sputum coughed up in twenty- 
four hours is important ; and still more so whether 
large quantities are rapidly got rid of at considerable 
intervals, or .whether it comes away in small amounts 
and frequently. 

Occasionally small casts of bronchi are to be 
found in the sputum, but the examination for formed 
elerqents is best conducted with the aid of a micro- 
~scope. ■ 



302 


RESPIRATORY SYSTEM [chap. 

The odour of tlie sputum is seldom very 
characteristic. Ordinarily it has a “ stale ” smell, 
but in cases of gangrene of the lungs, of fetid bron- 
chitis, and of bronchiectasis it may develop an ex- 
ceedingly penetrating putrid odour. An unpleasant 
odour may also be acquired during its transit through 
the mouth. 

Microscopical Examination op Sputum 

Generally it is well first to examine an unstained 
and fresh specimen, and thereafter to use special 
methods for the recognition of bacteria. To select a 
suitable piece, place the sputum in a flat glass vessel, 
which can be laid on either a white or a black back- 
ground as is found convenient. Mixed with the 
amorphous mucous exudation which forms the basis 
of the sputum may be seen various organized and 
crystalline substances, of which the following are the 
principal groups : — 

1. Cellular structures. — i. Pus corpuscles in 

various stages of granular degeneration and with 
several nuclei. 

ii. Epithelium from the mouth, air-passages, and 
alveoli. The latter may contain pigment which has 
reached them from the air, or they may exhibit a very 
characteristic iron-containing pigment, which is un- 
usually abundant in cases of heart disease with pul- 
monary congestion, and indicates brown induration 
of the lung. This pigment yields the hsemosidcrin 
reaction on the addition of hydrochloric acid and 
potassium ferrocyanide. 

iii. Salivary corpuscles are picked up by the 
sputum in its passage through the mouth. 

lv. Red blood-corpuscles. — A few are of no 
importance. Large numbers occur in haemoptysis. 

v. Eosinophil cells occur in asthma, and are 
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often associated with Charcot-Leyden crystals (Fig. 82). 
They are large, and contain numerous fine granules 
which stain with eosin. 

2. Elastic fibres indicate destruction of lung 
tissue, whether from phthisis, gangrene, or abscess. 
In gangrene only a few fibres escape the destructive 
process. They are found in the small tough lumps 
of the sputum, and are best demonstrated by a 
rapid heating with an equal quantity of 10 per cent, 
solution of caustic soda, which liquefies the other 



Fig. 79. — Elastic tissue from lung in sputum of a case of phthisis. 

X 300. 


■elements more quickly than these fibres. Aiter boil- 
ing, a gelatinous mass is left, to which a considerable 
quantity of water should be added and the mixture 
left in a "conical glass*till the elastic fibres settle to 
the bottom. Thus they may be isolated, and in well- 
marked cases exhibit the alveolar arrangement of the 
lung tissue. Too prolonged an exposure to the caustic 
will lead to the solution of the elastic fibres as f well 
as of the other constituents. (Fig. 79.) 

3. Fibrin casts, often large enough to attract 
the unaided eye, are still more frequently visible 
Under a low power of the microscope. (Fig. 80.) 

. 4. Cursclunaim’s spirals are found in the 
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sputum of asthmatic 
patients. Some of the 
sputum should be 
spread out on a piece 
of glass on a black sur- 
face. The spirals look 
like little sago grains. 
When unrolled they 
appear as convoluted 
threads which may be 
quite an inch in length. 
Under the microscope 
they show a central 
core, round which a 
sheath of tough mucus, 
with a large number 
of small round cellular 
elements in it, is coiled 
(Fig. 81). 

5. Crystals. — i. 

In asthma, fine colour- 
less crystals with sharp 
extremities are often found. They are frequently 
associated with the spirals already described, and 
are known as Charcot- Leyden crystals. They are 
probably phosphates of an organic base. (Fig. 82.) 

ii. Fatty acid crystals #re needle-shaped, * and 
generally occur in clusters. 

iii. Cholesterin occurs in rhomboidal plates, which 
generally have a small notch in one comer. They 
are met with in old purulent sputum from pulmonary 
Cavities, but their presence is uncommon. 

iv. Haematordin crystals occur where there has 
been an old haemorrhage in cases of abscess and 
empyema. They have a characteristic brown -yellow- 
colour, and appear as needles, rhombi, and plates, 



Fig. 80. — Bronchial cast from a case of 
plastic bronchitis. Natural size. 



Fig. 81.— Curschmarm’s spirals in sputum. X *200 and natural size. 

animal and vegetable kingdoms. Of animal para- 
sites echinococci are tlie most important. The pre- 
sence of hooklets, and x .. . 

still pfiener of frag- 
mentsof the laminated 
eetocyst, is the usual 
indication of their * 
existence (see p. 107). ^ 

In China and other ‘j 
parts of Eastern Asia, 

Distoma pulmonale is 
frequently found. Its . 4 t >vr 
presence causes sharp 

attacks of haemoptysis, Fig. 82,-Charcot-Leyden crystals. X350. 

which may be mistaken for the hsemoptysis of 
phthisis; Microscopic scrutiny of the sputum, how- 
ever, generally reveals characteristic ova (Eig. 83). 

' The vegetable parasites are fairly numerous. Be- 
^icles bacteria, which are considered in a separate 
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[ Fig.' §4,— Actinomyces ip sputnpi, 




vr J GRAPHIC RECORDS 307 

chapter (p. 590), and amongst which the most im- 
portant are tubercle bacilli, pneumococci, and Pfeifer’s 
bacillus, some of the higher fungi are also found, the 
most important being actinomyces and aspergillus 
fumigatus (Figs. 84, 85). 



APPENDIX TO CHAPTER VI 
On Graphic Methods o# recording the Conditions 

OBSERVED IN THE HEART AND LUNGS 


owHiwes of the heart.-The posi- 
, tton of tho nipples, and the outlines of the clavicles, ribs, and 
.Sternum, should bo carefully traced on the chest with a 

P rmatograph pencil, and the same should be done for the 
times of relative and absolute dullness of the heart and liver 
int hmsTir Sh u U - d then be gone over rapidly with a smali 
Mr^mess e d lP H ed msweet oil, and a sheet of tissue- 

Kre a P m^fc d n n tvT“ Up °“ P atlent ’ s <*est. The oil will 
& 5 P a P er > which can be more strongly traced 

,tn a pencil after the paper has been rejnoved. 
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An alternative method is to photograph the chest 
with the lines drawn in. This has the convenience of pre- 
serving the record in a less bulky form. A scale of inches 
should in this case be laid across the patient’s epigastrium 
to permit of absolute measurements being taken from the 
photograph. 

2. The use ot symbols on outline charts, 
i. The heart. — The presence and position of murmurs 
are easily indicated by shading. Their intensity is roughly 
represented by the heaviness of tho shading. Examples of 
this method are seen in Figs. 37, 38, and 43. When two syn- 
chronous murmurs are present, and one wishes to show where 
the first, after becoming fainter, gives place to tho second, 
which grows increasingly loud as the stethoscope is carried 
along the line joining their aroas of maximum intensity, one 
makes use of the musical signs of diminuendo and crescendo, 
> and <. The situation of pericardial friction is indicated 
by a zig-zag line, .a/waa When the apex beat does not 
reach the edge of the deep cardiac dullness, its situation is 
shown by a small cross, X. 

ii. The lungs. — The position of any dull area is indicated 
by shading. If, following the suggestion of Prof. Sahli, one 
represents superficial dullness in blue chalk and deep in red, 
one can not only make the record clearer, but can also super- 
pose on the same chart auscultatory phenomena in black 
symbols without clogging it. The auscultatory phenomena 
are well represented by the following symbols * : — 

1. Types of breathing : — 

(a) Vesicular. 


A A 


Puerile. Normal 
Aclult. 



Feeble^ 


o 

None. 


(b) Transition } 
type. ) 


(c) Bronchial. 


“ Broncho-vesicular n 
or indeterminate. 

A 

Tubular or 
High-pitched. 


A A 

Inter- Harsh, with 
rupted. expiration 
prolonged, 

A " /' \ 

/A / a \ 

Medium- Low- 

pitched. pitched. 


(d) Amphoric. QQ Q Q 0C) 

High- Medium- Low- 

pitched. pitched. pitched, 

* Mostly after Professor Wyllie, 
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(a) Friction. 


(b) Dry rales. 
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/Vv/W \w 


Fig. 86, 


// 


gram (Fig. 86) ijj 
a cas9 of pneurv^ ^t' 


^cord of pneumonia. 


pneu m -tr ate3 thfi application ‘ ^ hol “ 


Coarse. 

/// 

Sonorous 
rhonchi. 

oo 

0 ° o ° 

•V 

Medium. Coarse. 

If the accompaniments 
occur during inspiration, 
the letter i is prefixed to 
the symbol ; if during ex- 
piration, e. 

Vocal re- 
sonance is 
indicated by 
the letters 
vr, follow- 
ed by -f 1, 
-F 2, -p 3, if 
it is slight- 
ly, moder- 
a t e 1 y, or 
greatly increased ; 
or -1, —2, —3, if 
it is proportionately 
diminished. Other 
physical signs are 
best indicated by 
various letters of 
the alphabet. The 
accompanying dia- 
to 



CHAPTER VII 
THE URINE 

The method of interrogating a patient whose symp- 
toms point to an affection of the urinary system has 
already been described (p. 9), and the physical exam- 
ination of the kidneys has been considered along with 
that of the other abdominal organs (p. 80). 

In this chapter we propose to take up the exam- 
ination of the renal secretion. 

Collection of samples. — Owing to the vari- 
ations in the composition of the urine at different 
times of the day, the sample examined should, if 
possible, be taken from the total urine of the twenty- 
four hours. If only one sample can be obtained, it 
l should be that which is passed about three hours jiter 
taking a meal, as abnormal ingredients are then more 
likely to be present. The sample should be poured 
into a tall conical glass, covered, and allowed to stand 
for some hours in a cool place. If it be desired to pre- 
serve the urine for some time, two or three drops of 
or some powdered thymol should be added.* 
Any suspended matters Soon settle to the bottom 
of the glass, and the examination of the sample may 
then be proceeded with. This should be conducted 
(1) physically, (2) chemically, (3) microscopically. 

* The preservation of urine is beset with some difficulties. 
Formalin reduces Fehling’s solution, and may therefore lead to an 
er . r ° n ?? u 1 i cone ^ us ^ on , as to the presence of sugar; thymol may give 
™h Heller’s test a ring closely resembling that given by albumin. 
Of the two, thymol is preferable ; it has no reducing power and 
may be used lor diabetic urine. A little of the solid should be 
placed m the receptacle in which the twenty-four-hour sample 
is to be collected. 
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THE URINE 

I. PHYSICAL EXAMINATION 

Attention should be paid to the following points, 
viz.: (1) Quantity, (2) colour and transparency, 
(3) consistence, (4) odour, (5) density, (£>) naked-eye 
characters of the deposit. 

1. Quantity. — The amount of urine passed dur- 
ing the day should be measured separately from 
that passed during the night. The sum of the two 
gives the total for twenty-four hours. The bladder 
should be emptied at a fixed hour — say 8.30 a.m. — and 
the product discarded. All the urine passed during 
the day is collected, and the bladder emptied again 
at 8.30 p.m., the product being added to the day’s 
secretion. This is the amount of the “ 

The bladder is again emptied at 8.30 next morn- 
ing, and the product added to that which has been 
passed during the night. The total quantity is the 
“ night urine ” This added to the day urine gives 
the total for twenty-four hours. 

It is often difficult to collect all the urine that is 
passed, some being lost with the motions. This is 
especially the case with children, female patients, 
and those who pass their evacuations involuntarily. 
Where great accuracy 4 is required, recourse must be 
had to the catheter. 

A healthy adult male passes on an average 50 oz . 
(1,450 c.c.) of urine in twenty-four hours ; women, a 
few ounces less. 

The following table represents the amount of urine 
passed daily by children of different ages (Holt) : — 


Age 

First twenty-four hours . 
Second, twenty-four hours 
Three to six days . 

One week to two months 
Two to six months . 


Quantity 

0 to 2 oz. 

3 „ 
3 „ 8 „ 
5 „13 „ 
7 „ 16 „ 
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Aye 

Six months to two years 
Two to five years . 

Five to eight years . 

Eight to fourteen years . 


Quantity 
8 to 20 oz. 
16 „ 26 „ 
29 „ 40 „ 
32 „ 48 „ 


Churchill, in a paper read before the American Pediatric 
Society in 1898, asserts, as the result of his own observations, 
that the amount of urine passed by children is less than is 
usually supposed.* He gives the following averages of 
quantity and specific gravity at different ages : — 


Age 

Quantity 


Sp. gr. 

3 years 

. 358 c.c. 


. 1024 

4 „ 

. 299 „ 


. 1027 

6 „ 

. 392 „ 


. 1024 

6 „ 

. 405 „ 


. 1023 

7 „ 

. 564 „ 


. 1018 

8 „ 

. 628 „ 


. 1021 

9 „ 

. 731 „ 


. 1020 

10 „ 

. 768 „ 


. 1023 

u „ 

. 716 „ 


. 1018 

12 „ 

. 829 „ 


. 1021 


Above the age of 15 the quantity passed is about 
up to the adult standard. 

# It will be observed that, relatively to their weight, 
children pass more urine than adults. This is to be 
attributed to the relatively greater activity of the 
metabolic processes in children and to the more fluid 
nature of their diet. The above quantities, however, 
are only roughly approximate and in many cases one 
will find that the amount of urine excreted by a child 
of given age is smaller than the quantity tabulated. 

Normally, very much more urine is secreted during, 
the day than during the night. The normal propor- 
tion of day urine to night urine is 100 : 25-60. Ap- 
proximation of the night quantity to that of the day 
is always abnormal, and is especially apt to occur 

* Essay on Clinical Urology in Infancy and Child- 
bood,” by Fernandes Figueira, Lancet, Sept 12th, 1896. 
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in chronic renal disease, of which it may constitute 
one of the earliest signs. Thus the proportion of day 
to night urine may become 100 : 100 or even 200. 
The solids are increased in proportion' to the water. 

An increased secretion of urine occurs physiologi- 
cally after increased consumption of food or drink, 
and after exposure to cold. Conversely, one finds 
the secretion diminished when httle food or drink has 
been taken, and after exposure to heat — especially if 
followed by sweating. 

A pathological, increase in the urine occurs in 
diseases associated with an increased arterial pressure 
— e.g. granular kidney ; also in both forms of diabetes, 
during the absorption of exudates, and in some neuro- 
tic conditions — e.g. hysteria. Abnormal, diminution 
of urine is found where the arterial pressure is lowered 
or the intravenous pressure in the kidney increased — 
e.g. in acute nephritis and in advanced mitral disease ; 
also in all fevers, in diarrhoea and vomiting, and in 
cerebral irritation — e.g. concussion. 

2. Colour and transparency. — Normal urine 
, is said to have the colour of amber or pale sherry. The 
exact tint fluctuates widely even in health, depending 
upon the degree of dilution and upon the reaction. 
An acid urine is always darker than one which is 
alkaline, even when they are equally concentrated. 
The colour of normal ufine is mainly due to a yellow 
pigment, to which the name of urochrome has been 
given. The pigments uroerythrin and urobilin only 
occur in very small quantity in the urine under normal 
conditions. In febrile and some other diseases, however, 
a large quantity of urobilin may appear in the urine. 
The latter has then a warm orange colour, and usually 
shows a dull pink tint at the apex of a conical glass. 
Urobilin is not present in freshly voided normal urine, 
its -place being taken by its precursor, urobilinogen. 
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On standing, this becomes converted into urobilin, 
giving the urine a darker colour. The change takes 
place in a few minutes if hydrochloric acid be added 
to the urine, being particularly noticeable when excess 
of urobilinogen is present. Excess of urobilinogen 
may be tested for with the following reagent : 
Dimethyl-paramino-benzaldehyde 2 grm., acid, hydro- 
chlor. 5 per cent. 100 c.c. Ordinary urine gives a 
yellow colour, going red on heating ; with excess of 
urobilinogen the red colour appears in the cold . 



Fig, 87. — 1, Spectrum of urobilin ; 2. spectrum of -urobilin masked by 
other pigments. (See text.) 


If urobilin urine be examined spectroscopically * 
in a thin layer the urobilin band will be seen in the 
green between h and f (Fig. 87). Such a urine is often 
dichroic — looking red by transmitted and green by 

_ * The following directions for the spectroscopic examination of 
urine are given by A. E. Garrod 

1. Use a small direct-vision spectroscope. 

2. Examine the urine in a 6-oz. conical glass. This permits 

of the inspection of layers of different thickness. 

3. Hold the slit 1 in. from the glass, and move it up and down 

the entire length of the cone. 

4. Either daylight or artificial light may be employed. 

If in doubt as to the bands, shake up 400 c.c. of the urine 
with 50 or €0 c.c. pure amylic alcohol and a few drops 
of acetic acid. Collect the layer which floats. Clear 
it, if need be, by the addition of a lit fT e ethyl alcohol, 
filter, and examine. 
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reflected light. The presence of excess of urobilin 
may be confirmed by rendering the urine strongly > 
alkaline with ammonia, filtering, and adding to the 
filtrate a few drops of a 10-per-cent, solution of 
chloride of zinc. If excess of urobilin be present, the 
solution becomes fluorescent. 

The table on p. 316 shows the chief varieties of 
alteration in colour of the urine, with their causes 

Normally, when freshly passed, urine is quite trans- 
parent, but it may be opalescent from the presence of 
various substances in suspension. If the opalescence ■ 
persists after filtration, it is due to the presence of 
bacteria. 

A slight opalescence which causes the urine to look 
smoky is produced by the presence of small quantities 
of blood (see p. 349). 

| ^ Alkaptonuria, — This is a condition in which the 
urine is natural-looking when passed, but, when 
exposed to the air, becomes gradually darker from 
the surface downwards ; ultimately it may be dark 
brown or black. It is due to the presence in the urine 
of dihydroxyphenyl acetic (homogentisinic) acid. 

The addition of an alkali causes the urine to be- 
come dark at once. Such urine reduces alkaline 
solution of cupric oxide, but the bismuth test for sugar 
is negative. With Millon’s reagent it gives a yellow 
precipitate, and the addition of dilute ferric chloride 
drop by drop causes a passing deep-blue colour. Such 
urine, moreover, will not ferment with yeast nor turn 
the plane of polarized light. 

The condition is a rare anomaly, attended by no 
symptoms beyond sometimes a slight dysuria and 
frequency at night. It is due to an inborn error; 
affecting the breaking down of the tyrosin linkage S 
in the processes of protein metabolism. 

Urines containing melanin also become darker on 



Alterations in Colour of Urine 


Colour 

Cause 

Condition or JZewarks 

Nearly 

i. Large amount of mine 

Much drinking. Nervous 

COLOURLESS. 

excreted. 

conditions, diabetes in- 


ii. Diminution of pig- 

sipidns, etc. 

Orange- 

ment. 

i. Small amount of con- 

Hard muscular work. 

COLOURED. 

centrated urine. 

Fevers. 


ii. Increased pigment. 

Fevers. 


in. Occasionally bile pig- 

Jaundice. 

Orange- 

ment. 

Administration of rliu- 

(These turn yellow with 

COLOURED. I 

barb, senna, chryso- 

acid, red with alkali ; a 

Reddish- i 

. phanic acid. 

normal colour going red 

BROWN. J 


with alkali = phenol- 

Dark- 

Methsemoglobin. 

phthalein.) 

(P. 351.) 

BROWN. 


Red. 

i. Blood. 

(P. 349.) 

Port-wine. 

ii. Aniline dyes in sweets, 
etc. 

Hflematoporphyrin, 

(P. 351.) 

Brownish- 

i. Melanin. 

Melanotic sarcoma. 

black. 


(Darkens on standing, 


n. Much hiemoglobin . 

does not reduce 
Fehling’s solution, 
gives greenish-brown 
precipitate with ferric 
chloride.) 

(Yields chocolate deposit.) 

Greenish - 

iii. Alkaptonuria. 

(P. 315.) 

i. Hydroquinone, car- 

BLACK. 

bolic acid, salol, 



guaiacol, resorcin, 
naphthalin, etc. 
ii. Bile. ^ 

In old- standing cases of 

Yellow- ) 

i. Bile. 

jaundice. 

Jaundice (p. 368). 

ISH-GREEN. J 


Green. ) 

ii. Santonin. 

(Turns red with alkali.) 

Yellowish 

i. Pus. 

(P. 370.) 

AND MILKY. 

ii. Fat as (a) emulsion, 

Chyluria. 


(< b ) droplets. 

Lipuria in advanced renal 

Greenish- ■' j 


disease. 

i. Excess of indigo -form- 

Typhus. 

BLUE. V 

ing, bodies. 

Blue. J 

ii. Administration of 

(Yiolet with alkali ; cuts 


methylene blue. 

off red and yellow in 

' 


spectrum.) 
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exposure to the air, owing to oxidation of the pigment, 
but they do not reduce cupric oxide. 

Carbolioacid urine, too, becomes darker on ex- 
posure to air, owing to the oxidation of the hydro- 
quinone which it contains into pigments similar to 
those in alkaptonuria. 

In alkaline urines an iridescent pellicle frequently 
appears on the surface. When the urine has cooled 
this can be slammed off like a thin, brittle film. It 
is composed of phosphate of lime. The idea formerly 
entertained that such a pellicle occurs especially in 
the urine of pregnancy is groundless. 

3. Consistence of urine.- — In health the urine 
is quite watery in consistence. If much sugar or 
bile be present it is less mobile, and in the presence 
of bile or of much albumin the froth which forms on 
shaking is more persistent than is usual. Alkaline 
urine containing pus may be quite ropy. A special 
alteration in consistence occurs in the condition 
known as fibrinuria. When this is present the urine 
is reddish-yellow when passed, but soon sets into a 
jelly, which contracts somewhat on standing. If only 
little fibrin be present the whole urine may not coagu- 
late, but a sticky sediment forms at the bottom of the 
vessel. Fibrinuria is due to the entrance of blood 
plasma into the urinary tract. It occurs as a very 
rare symptom of villcfas growth in the bladder, and 
sometimes also after the administration of cantharides. 
The fibrin may be recognized as such by washing it iir 
5 or 10 per cent, salt solution, with the addition of a 
little thymol, and then placing in 1 per cent. HC1. 
It swells up, but is not dissolved unless pepsin be also 
added. 

d. Odour. — Normal urine has a characteristic 
“ aromatic 55 odour. When the urine has stood for 
some time the odour becomes ammoniacal. In cases 
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where there is an abnormal communication between 
some part of the urinary tract and the intestine the 
odour may become faecal . In acetonuria the odour is 
fruity. After the administration of turpentine the 
urine has an odour like violets. Cubebs,. santonin, 
and some other drugs also impart to it their peculiar 
smells. In diabetes the odour has been compared to 
that of new-mown hay. 

5. Density.—- Clinically the specific gravity of 
urine is always taken with the instrument known as 
a urinometer. An ordinary urinometer is graduated 
for a temperature of 15° C., and will record variations 
in specific gravity from 1000 up to 1060. 

How to use the urinometer . — The urine should be allowed to 
cool, and should be placed in a tall jar, wide enough to allow 
the urinometer to float freely without touching the sides. All 
bubbles must be removed from the surface by means of bibu- 
lous paper. The urinometer should be wiped clean and placed 
floating in the centre of the jar. The eye is then placed level 
with the surface of the urine; and the division of the scale to 
which the latter reaches read off. Care must be taken to road 
the level of the true surface of the urine, not the edge of the rim 
which heaps itself up around the shaft of the urinometer. 

If only a small specimen of the urine be obtainable it may 
be necessary either to use “ specific gravity beads,” or else 
to add water to it in order to get enough fluid to float the 
urinometer. The specific gravity found is then multiplied by 
the necessary figure according to the degree of dilution. 

Normal urine has a specifier gravity varying from 
1015 to 1025. If very concentrated, the specific 
gravity may rise to 1035 even in health. During the 
first month of life the specific gravity -varies between 
1001 and 1005, but by the second year, it has reached 
11026 or 1030, and in older children the urine tends 
fto be rather more concentrated than that of adults. 

| The gravity is greatly increased by cooling. If, 
If or example, it be 1020 when passed, it will rise to 
{about 1025 when the urine has cooled to the tempera- 
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ture of the room. This should be specially borne in 
mind in insurance work. 

In normal urine the specific gravity is in direct pro- 
portion to the amount of urea present. An abundant 
urine of low specific gravity is suggestive either of 
diabetes insipidus or of chronic renal disease. An 
abundant urine of Jdgh specific gravity is character- 
istic of diabetes mellitus. In the latter condition the 
specific gravity may reach 1075 ; in most cases, how- 
ever, it is between 1040 and 1045. In diabetes in- 
sipidus, on the other hand, the specific gravity may 
fall to nearly that of distilled water. 

The presence of albumin in the urine does not 
materially affect its specific gravity. It should also 
be borne in mind that the urinometer is entirely un- 
affected by the presence of merely suspended sub- 
stances. 

Estimation of the amount of solids. — This may 
be done roughly by multiplying the last two figures' 
of the specific gravity taken at 15° C. by 2-33, The 
result is the number of grammes of solids inTlitre of 
the urine, or the number of grains of solids in 1,000 
fluid grains of urine ; e.g. if the specific gravity of a 
urine is 1020, it contains 20 x 2*33 = 46*6 grm. of 
solids in every litre, or 4-6 per cent. This multiplied 
by gives gr* P e £ ounce — in this case 20-1. The 
average daily output of* solids in the urine is about 
60 to 70 grm. (2-2 \ oz.). The above mode of calcula- 
tion is not applicable to urine containing abnormal 
ingredients, e.g. sugar or albumin. 

6. Naked-eye characters of the deposit. 
— When voided, normal urine is perfectly clear and 
transparent. After it has stood for some time there 
appears in it a deposit of “mucus.” This forms a 
woolly-looking cloud which usually settles to the 
bottom of' the glass, but, if the urine be of high 
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specific gravity, may be in the middle of tbe glass 

e y’ ( . en the top. Opinion differs as to whether 
this ^ mucus ” is a gluco-protein (mucin) or a nucleo- 
protein. It is possibly both, the latter being in excess. 

If traces of blood be present in the urine the 
cloud of “ mucus ” has often a brownish tint. 

The normal urinary ingredients, which may sepa- 
rate out in the form of a deposit visible to the naked 
eye, are — earthy phosphates, urates, and free uric acid. 

Phosphates. — The phosphates of calcium and mag- 
nesium separate out if the urine be neutral or alkaline. 
They form a colourless deposit. It can be recognized 
by the fact that if a little of it be transferred by a 
pipette to a test tube, and some dilute acetic acid 
added, the deposit dissolves. A deposit of pus is apt 
to be mistaken for one of phosphates. They may be 
distinguished by moving the glass gently from side to 
side. It will then be found that a deposit of phos- 
phates is more flocoulent and less compact than one 
of pus, and the surface layers of it are easily detached 
on shaking, and float up ; this does not happen in the 
case of pus. Acetic acid, also, does not dissolve pus, 
•while the addition of caustic alkali renders it ropy. If 
t e urine be acid, however, and its reaction has not 
been tested, a deposit of pus cannot be distinguished 
with the naked eye from a deposit of phosphates. It 
should also be borne in mine? that deposits of phos- 
phates and pus often occur together. 

Urates. The urates of sodium, potassium, and 
ammonium may form a deposit if the urine be con- 
centrated or highly acid. They may appear, even in 
health, when the urine cools. Owing to their affinity 
for the urinary pigments the deposit is usually 
coloured, being commonly red, or like terra-cotta, 
forming what is known as the “ bride-dust ” deposit . 

It the urinary pigment be scanty, however, the deposit 
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may be merely yellowish, or even colourless. Deposits 
of urates can always be recognized by the fact that 
they disappear rapidly on heating the urine. The 
heating ought to be accomplished gradually, because 
the urine may also contain albumin, which, if the 
urine be rapidly heated, may be coagulated before 
the deposit of urates has all had time to clear 
up, and thus confusion may arise. Acetic acid does 
not dissolve a deposit of urates. On the other hand, 
strong mineral acids, such as nitric acid, dissolve the 
deposit at once, with the production of effervescence. 

, Acid urate of soda is a rare deposit. It occurs 
in acid urines. It forms a yellowish, granular, sandy- 
looking sediment. It does not dissolve readily on 
heating. * 

Acid urate of ammonia forms a very similar 
''deposit, but it occurs in ammoniacal urines, and is 
therefore mixed up with a deposit of phosphates. 

'Uric acid. — This may form a scanty deposit 
visible to the naked eye. The deposit occurs in the 
form of crystalline grains of a darkish-brown colour, 
and is therefore known as the u cayenne-pepper ” 
deposit. When in doubt use the microscope. 

The sulphates practically never form urinary 
deposits. Oxalates do, but the deposit is generally 
scanty, mixed up with the cloud of mucus, and not 
easy to recognize with Uhe naked eye. Sometimes, 
however, the crystals form a glistening layer above 
the mucous deposit. We have already spoken of the 
occurrence of fibrin, and the other abnormal ingre- 
dients which may be deposited will be described in the 
section on the microscopical examination of the urine. 

We would warn the reader against the common 
mistake of supposing that a substance is necessarily 
being excreted in excess when it appears in the urine 
in the form of a deposit. This, of course, is not 
v 
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necessarily tlie case at all. Thus the occurrence of a 
“ cayenne-pepper ” deposit does not necessarily mean 
that the patient is excreting an excess of uric acid. 
It may merely be due to the fact that the conditions 
which normally cause the uric acid to be in solution 
have become modified. The urine may be. abnormally 
acid, for example, or it may be deficient in colouring 
matter or in salts, all of w^ch conditions tend to 
lessen the solubility of mric acid, and to favour its 
deposition in the form of crystals. Similarly in the 
case of a deposit of phosphates. That does not mean 
that more phosphoric acid is being eliminated ; it 
merely indicates that the urine has become alkaline. 

II. CHEMICAL EXAMINATION OE THE URINE 
1. Reaction 

This is taken with litmus paper. The urine is 
usually acid in reaction. This is not due to the pre- 
sence of free acid, but to acid salts — chiefly the acid 
phosphate of sodium (NaH 2 P0 4 ). Sometimes the 
reaction is blue to red litmus paper, and red to blue 
litmus paper. This amphoteric reaction is due to the 
presence of large quantities of the disodic phosphate 
(Na 2 HP0 4 ) in addition to the acid salt. It has no 
clinical significance. The urine may be normally alka- 
line after meals. This is sometimes known as the 
f< alkaline tide” It reaches its acme three hours after 
the taking of a meal. It is chiefly due to the disodic 
phosphate replacing the acid salt. Alkalinity of thS 
urine may be due to ammonia. This can be detected 
by its smell, also by the fact that if the red litmus 
paper which has been turned blue be heated, the 
red colour is restored, owing to the ammonia being 
driven of. 

For clinical purposes the total acidity ^nd the 
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" ammonia” in the urine may be determined as 
follows : — 

Place in a flask about 15 grm. of powdered potassium oxal- 
ate (neutral to phenol- phthalein). (This is to precipitate the 
calcium in the urine, otherwise the formation of calcium 
phosphate interferes with the end point of the reaction.) 
Add 25 c.c. of urine, an equal quantity of distilled water, 
and 10 drops of 1 -per-cent, alcoholic phenol-phthalein. Mix 

well. After one minute run in ^NaHO from a burette until 

a faint pink colour results. Bead the burette ; this gives the 
N 

total acidity in terms of — NaHO. Now to 5 c.c. of formalin 

in a beaker add 5 c.c. of water and a few drops of phenol- 
N 

jphthalein ; then run in ^NaHO till a faint pink colour again 

appears. Add this mixture to the neutralized urine in the 

jtask. The pink colour disappears. Bun in ~~NaHO until 

it returns, and read burette. This reading gives the amount 
N 

of ammonia in terms of y^NaHO. By the addition of the 

neutral formalin the ammonia in the urine is combined with 
it to form a neutral compound, hexamine. The previously 
neutralized acid is thus liberated and determined by the second 
fixation. The amount (in grammes) of N present as ammonia 
is determined by multiplying this reading by 0*0014. This read- 
ing is in reality a trifle high, but is sufficiently accurate for 
finical purposes. The error is due to the fact that by this 
means the amount of the amino-acids present in the urine is 
also determined. Except in cases such as cystinuria, the 
amount of these acids is so small as to be negligible. . Bor very 
accurate work, Bolin’s method may be employed ; an advanced 
physiological-chemistry manual should be consulted. 

2. Examination of the Urine for its Normal 
Non-nitrogenotjs Constituents 

(1) Chlorides. — Chloride of sodium is the chief 
inorganic constituent of normal urine. Small quanti- 
ties of the potassium salt also occur. 

Qualitative test for their presence.— Filter the urine 
df not already clear. If albumin is present, remove it by 



boiling. Add to £ in. of the urine in a test tube a few drops of 
nitric acid (be sure that the acid used is quite pure and free from 
HOI), and then as much of a 3-per-cent, solution of nitrate of 
silver as there is of urine. If the normal amount of chlorides 
be present, an abundant curdy precipitate appears at once. If 
the chlorides be diminished, the solution merely becomes 
milky. If a mere trace of them be present, the solution is 
opalescent ; and if they be altogether absent, it remains quite 
clear. 

The use of the nitric acid is to prevent the precipitation of 
phosphate of silver. 

Quantitative estimation. — For ordinary clinical use 
Moihr's method, may be employed. One proceeds as follows : 
Place 10 c.c. of the urine, freed if necessary from albumin, 
in a beaker, and mixed with 50 c.c. of distilled water. Add 
three drops of a solution of neutral chromate of potassium 
(1 in 20) and a pinch of calcium carbonate. The use of the 
latter is to neutralize any free acid that may be present. Fill 
a burette with standard solution of nitrate of silver (Appen- 
dix, 9). Run the silver solution into the beaker, stirring all 
the time. A precipitate of chloride of silver falls out. When- 
ever the least trace of a pink colour appears, stop. This can 
be best appreciated by allowing the precipitate to settle, 
which it very quickly does. If the sediment be in the least 
flesh-coloured, enough silver solution has been added. The 
appearance of the pink colour indicates that the silver has 
united with all the chlorides present and has begun to form 
chromate of silver with the potassium chromate. 

Galoulation . — One c.c. should be deducted from the total 
number of c.c. of silver nitrate used. The reason for this is that 
there exist in urine, besides chlorides, other substances with 
which the silver unites more readily than it does with the 
chromate. Roughly, the deduction of 1 c.c. is sufficient to allow 
for these. Every remaining c.c. ox the solution used is equiva- 
lent to 10 mg. of sodium chloride. Suppose 11 c.c. to have been 
used in all, deducting 1 c.c. there is left 10 c.c. This is equivalent 
to 100 mg. of sodium chloride, which will be the quantity of 
chlorides in the amount (10 c.c.) of urine used. If 1,500 c.c. 
was the amount of urine, in twenty-four hours it will contain 
15 grm. of sodium chloride. 

For the accurate estimation of small quantities of chlorides 
in the urine the method of Volhard should be employed, but for 
a description of it special works must be consulted. 

About 12 grm. represents the average daily excre- 
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tion of chlorides in health. The chief cause of physio- 
logical variation is the nature of the diet. Patho- 
logically, chlorides are found to .he diminished in all 
febril e affect ions with the exception of malaria. In 
the latter disease the chlorides are increased during the 
febrile period, diminished irf the apyrexial intervals. 
In acute croupous pneumonia the chlorides are more 
markedly diminished than in any other fever ; they 
may indeed disappear entirely. We regard their be- 
haviour as of great diagnostic value. In no other 
disease, except perhaps typhus and rheumatic fevers, 
does such a notable diminution ever occur. In the 
diagnosis of pneumonia from empyema and pleurisy 
1 the test is of special help. The chlorides are increased 
after the crisis in pneumonia — the increase, how- 
ever, not usually manifesting itself till the third 
day after fever has ceased — and also in cases where 
the rapid absorption of a large exudation is taking 
place, 

. (2) Phosphates. — Phosphoric acid occurs in the 
urine in two chief forms of combination. Combined 
with potassium, sodium, and ammonium, it constitutes 
the alkaline phosphates ; with calcium and magnesium, 
it he earthy phosphates. Three-fourths of the total 
phosphoric acid is combined with the alkalis, and only 
one-fourth with the earths. The alkaline phosphates, 
being readily soluble, fiever form a deposit. The 
earthy phosphates are insoluble in an alkaline medium, 
hence they are precipitated when the urine loses its 
acid reaction. This precipitation is aided by the 
action of heat. The heat probably acts by driving 
off carbonic acid. Hence if a urine, the reaction of 
which is not acid, be heated, a cloud of earthy phos- 
phates may appear. This is distinguished from, 
albumin by its ready disappearance on adding a few 
drops of acetic acid. 
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Qualitative tests for phosphoric acid in urine.— 

(i.) Add ammonia. A white crystalline precipitate, in- 
creasing on standing, shows the presence of the phosphates 
of the alkaline earths (Ca, Mg), the so-called earthy phos- 
phates. The alkaline phosphates of Na and K still remain 
in solution. 

(ii.) To 10 c.c. of urine add half its volume of nitric acid, a 
few drops of ammonium molybdate, and boil. A yellow pre- 
cipitate is given by both forms of phosphates. 

Quantitative estimation. — Pill a burette with standard 
solution of uranium nitrate (Appendix, 10). Measure 50 c.c. of 
the urine to be examined into a porcelain dish or a medium - 
sized beaker. (If the urine be very concentrated, 20 c.c. of - it 
will be sufficient.) Add to the urine 5 c.c. of an acetic acid 
solution of acetate of soda (Appendix, 11). If only 20 c.c. 
urine were taken, add 2 c.c. of the solution. Add also a few 
drops of tincture of cochineal to serve as an indicator. Heat 
the urine on a water-bath. If the latter be not obtainable, use 
a tripod covered with wire gauze. The urine should be heated 
to a temperature just short of boiling. When heated, run in the 
uranium solution, stirring all the while. As a rule, 16 c.c. may 
be run in right away. A precipitate of uranium phosphate falls 
down. Continue cautiously to add the uranium solution until 
the precipitate has a slight hut persistent greenish tint. This is 
a sign that the uranium has united with all the phosphoric acid 
present arid is beginning to react with the cochineal. The pre- 
sence of albumin or of sugar does not affect the reaction. The 
use of the acetate of soda in the above process is to unite with 
the nitric acid liberated by the union of the uranium with the 
phosphoric acid. 

Calculation. — Suppose 20 c.c. uranium solution have been 
required. The solution was made of such a strength that each 
c.c. — 5 mg. of phosphoric anhydride ; 20 c.c. are therefore 
equivalent to 0T grm. of P 2 0 5 , and that is the amount in 50 c.c. 
of urine. If the patient is passing 1,500 c.c. of urine in twenty- 
four hours, his daily excretion of P 2 0 5 will be 3 grm. 

Normally, 2-3 grm. of phosphoric anhydride are 
excreted daily. Physiological variations depend chiefly 
? upon the food. The phosphates are often considerably 
5 diminished in renal disease, hut not, apparently, out of 
1 proportion to the other solids of the urine. They are 
said to he increased in waiting diseases of the nervous 
system. Their behaviour in fever is inconstant. 
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(3) Sulphates. — Sulphuric acid occurs in the 
urine in combination with sodium and potassium 
(inorganic sulphates), and with cresol, phenol, indol, 
skatol, pyrocatechin, etc. (organic sulphates). The 
former are ten to twenty times more abundant than 
the latter. 

Sulphur is also present as 46 neutral sulphur/’ that 
is, the sulphur present in organic bodies of which it 
is an integral part of the molecule, e.g. cystin. 

. Test for inorganic sulphates . — Add to 10 c.c. of urine a few 
drops of hydrochloric acid and one-third of its volume of 10-por- 
cent. barium chloride solution. If the normal amount of sul- 
phates be present, an opaque milkiness will be found to develop. 
If the precipitate be thick and creamy, the sulphates are in 
excess ; if a mere opalescence appear, they are diminished. 

About 2J-3J grm. of sulphuric acid (S0 3 ) are 
excreted daily. The exact determination of the total 
sulphates, and of the proportion of inorganic to 
organic, is a gravimetric process unsuited for ordinary 
clinical work. 

An approximate notion, however, of the proportion 
of organic sulphates present may be obtained by 
the following procedure : — 

Add to the urine an equal volume of alkaline barium 
chloride solution (2 parts of baryta water to 1 part of barium 
chloride solution). This precipitates the inorganic sulphates 
along with phosphates. Filter. Render the filtrate pretty 
strongly acid with hydrochloric acid, and heat almost to 
boiling. The organic sulphates are thus decomposed and 
thrown down in the inorganic form, Normally they should 
form merely a white cloud. If the precipitate be at all dense 
the proportion of organic sulphate is in excess. 

The total sulphates are increased by an increase 
in the diet, and in fever. The amount of sulphuric 
acid excreted in organic combination is increased 
when a larger quantity than usual of the aromatic 
substances with which it is combined enters the 
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circulation. This occurs when phenol and allied sub- 
stances are given as drugs, or when the production of 
, such substances in the body is increased, as it is 
whenever putrefactive processes are going on. Thus 
the amount of organic sulphates is increased in cases 
where putrid abscesses have formed, or where there is 
retention of the intestinal contents. But the ethereal 
sulphates of the urine are not, as has been supposed, 
a direct measure of such putrefactive processes, since 
the proportion of inorganic and organic sulphates and 
neutral sulphur varies with the amount of nitrogen in 
the diet. 

(4) Oxalates. — Oxalic acid occurs in the urine, 
combined with calcium. The salt is usually kept in 
solution by the acid phosphate of sodium present 
in the urine. It is found as a precipitate, however, in 
about one urine out of every three. This is due to the 
absence of a sufficient amount of the phosphate of soda 
to keep it in solution. It does not necessarily mean 
that the excretion of oxalic acid is increased, although 
it is true that the more oxalic acid there is present, 
the greater is the tendency for it to be precipitated. 
About 0-017 grin, is the average amount of oxalic acid 
excreted daily. It is mainly derived from the food. 
It is increased after the taking of certain vegetables, 
especially cabbage, spinach, and rhubarb. The so- 
called “ oxaluria ” seems to '"be merely a variety of 
acid dyspepsia. 

3. Examination of the Urine its Normal 
Nitrogenous Constituents 
Of the total amount of nitrogen in the urine — 
84-87 % is in the form of urea ; 

2- 5 % „ „ ammonia compounds ; 

' 1- 3 % „ ,, urie acid ,* 

7-10% „ „ “extractives” 

(including purin bases). 
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These vary in percentage according to the intake 
of nitrogen in the diet; the relative percentage of 
area falling markedly when the nitrogen intake is 
much reduced. 

Estimation of total nitrogen by Kjeldahl’s method 

(modified). — Measure out 5 c.c. of urine with a pipette and 
place it in a Kjeldahl’s flask of about 150 c.c. capacity ; add to 
it 15 c.c. of pure sulphuric acid and a crystal of pure sulphate 
of copper about the size of a split pea ; heat on net till the mix- 
ture is colourless or pale green. This takes about half an hour 
or less ; violent boiling should be avoided. Allow to cool, then 
dilute with 50 c.c. of distilled water, again allow to cool, transfer 
to a distillation flask of about 700 c.c. capacity, and add enough 
23-per-cent, solution of caustic soda to render the mixture 
almost neutral ; add also a pinch of talc to prevent bumping. 
When cool, add more soda (till the fluid is deep blue in colour), 
and close at once with a stopper connected to the condensing 
tube of the distillation apparatus ; measure into a flask 100 c.c. 
of a decinormal solution of oxalic acid, and let the lower end 
of the condensing tube just dip below the surface of this solu- 
tion ; then boil the blue fluid. The nitrogen passes off in the 
form of ammonia and is fixed by the oxalic acid. When the 
fluid which drops from* the condenser has no longer an alka- 
line reaction, stop the process by removing the stopper from 
the flask. Care must be taken that at the end no alkali comes 
over from the flask containing the strongly alkaline fluid, as 
is rather apt to occur should there be bumping. Titrate the 
100 c.c. of decinormal oxalic acid with a decinormal soda solu- 
tion, using methyl orange or neutral laemoid as indicator. 
Every c.c. of soda less than a hundred used represents 0*0014 
grm. of nitrogen. 

Example . — Suppose that on titrating the oxalic acid solu- 
tion with decinormal soda the neutral point is reached when 
60 c.c. of the latter have been added ; the remaining 40 o.c, 
of the decinormal oxalic acid taken must therefore have been 
neutralized by the ammonia derived from the nitrogen in 
• the 5 c.c. of urine, therefore the 5 c.c. of urine contain 0-0014 
X 40 grm. of nitrogen, or 0-056 grm. If the total amount 
of urine passed in twenty-four hours be 1,500 c.c,, this will 
contain 16-8 grm. of nitrogen. 

About 15-20 grm. of nitrogen are excreted daily 
in the urine of a healthy adult on ordinary diet. A 
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knowledge of the quantity excreted in disease is not 
of much value unless one has some idea of the amount 
of nitrogen in the diet It must be remembered also 
that normally 1-2 grm. of nitrogen appear in the faeces. 


Urea (CO(NH 2 ) 2 ). Qualitative test.— Place a drop or 
two of the suspected fluid on a slide and add one drop of 
nitric acid ; warm gently. On evaporation, rhombic or hexa- 
gonal crystals of nitrate of urea will be found if the latter 


body be present (Pig. 88). 

Quantitative estimation, (a) From the specific gravity. 
— An approximate estimation of the amount of urea may be 
made by dividing the last two figures of the specific gravity by 
10 ; e.g. if the specific gravity of 
a given urine be 1020, it contains 
(approximately) 2 per cent, of 
\f & \ urea. This only holds good in 

- the absence of sugar, or of much 
albumin, and if the patient be 
V V ^ not very feverish. 

n. \ (b) From the amount of nitro- 


Fig. 88. — Urea nitrate. gCn given °$ 071 treatin 9 the urin , e 

with hypobromite of soda, — This 
method, sufficiently accurate for clinical purposes, depends 
upon the fact that urea is decomposed by hypobromite of soda 
according to the following equation : CO(NH 2 ) 2 + 3NaBrO = 
3NaBr + N 2 + 2H a O + C0 2 - It is found that under ordinary 
conditions 1 grm. of urea yields 371 c.c. of nitrogen : all that is 
necessary, therefore, is to remove the C0 2 by means of an alkali 
(caustic soda), and to measure the remaining volume of gas and 
to calculate from it the amount of urea which was contained in 


the quantity of urine taken. The various forms of apparatus 
employed in carrying out the process differ chiefly in the method 
adopted for catching and measuring the nitrogen given off. 

_ The number of c.c. of nitrogen given off (from 5 c.c. of 
urine) multiplied by 0*056 —grams of urea in 100 c.c. of urine, 
i.e. the percentage, and this multiplied by 4*375 = grains of urea 
in 1 oz. of urine. 


The following are the chief forms of apparatus employed 
i. Dypreis. —The apparatus consists of a cylinder filled with 
water, into which dips a burette open at the lower end, and 
connected above with a T-piece attached by one limb to a 
short rubber tube provided with a clip, and by the other con- 
nected with a small bottle closed with a rubber stopper ; 25 c.c. 
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of hypobromite solution are measured into the bottle, and 5 c.c. 
- of urine into the little tube provided for it, and the latter is 
' then lowered into the bottle and leant up against its side. The 
stopper is inserted in the bottle, and the level of the water, 
both in the cylinder and the burette, is adjusted till it is 
opposite the zero mark on the burette. This is done by raising 
or lowering the burette, whilst the clip at the top is kept open. 
When the water is level the clip is closed, the urine and hypo- 
bromite are mixed by inverting the bottle, and the gas is 
collected. After a quarter of an hour, the burette is raised till the 
water in it is again on a level with that in the oylinder, and the 
amount of gas evolved is read off. The burette is graduated in 
lines which show the percentage of urea, and by multiplying 
these by 4*375 one arrives at the number of grains per ounce. 

ii. Gerrard's ureometer (Fig. 89). — This consists of a gradu- 
ated glass cylinder closed at the upper end by a rubber stopper. 
Through the stopper there passes a T -tube.' One limb of this 
tube is closed by a clip or stopcock, the other is connected to 
a piece of rubber tubing. The other end of the rubber tubing 
terminates in a piece of glass tube, which is inserted into the 
rubber stopper of a wide-mouthed flask of about 6 oz. capacity. 
From the lower end of the graduated cylinder another rubber 
tube passes to a short wide glass tube open at its upper end. 
The object of this tube is to act as a reservoir of water. It 
can be slipped up and down upon the cylinder by means of a 
metal ring. 

How to use the apparatus. — Place in the glass flask 25 c.c. 
of hypobromite solution (Appendix, 12). An excess of hypo- 
bromite does no harm — one must merely be sure that enough 
is taken to decompose all the urea likely to be found in the 
urine. Measure 5 c.c. of urine into the small glass tube pro- 
vided for the purpose. If the urine contain albumin, the latter 
must be first removed. IJJuis is best done by taking a de- 
finite quantity of urine-say 50 c.c. — adding to it a drop 
or two of acetic acid, and boiling for a couple of minutes. 
Filter and make up to its original volume. 

The small tube containing the urine must now be lowered 
into the flask. This is best done by inserting the point of the 
little finger — not too tightly — into the mouth of the tube. 
The latter must then be propped up against the upper surface 
of the flask so as to prevent the hypobromite solution from 
mixing with the urine. The reservoir of the graduated cylinder 
must now be filled with water. The stopper is then tightly 
inserted into the mouth of the flask. The clip or stopcock 
must now be opened, and the reservoir raised until the water 
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thaf in t rtB Cylinder - Stat mf at lbo zer0 ma rk and i s level with 
in the reservoir. The water must also be very low down 

Nnt h n> att ^’ 6 S ® th f 6 wfll be an overflow subsequently. 

the urin 0 r a nA e i, P u 00 > nd g f Dtly tat the flask 80 aa *0 allow 
tie urine and hypobromite solution to mix. Great efferves- 



Fig. 89. Gerrard's ureometer. 


cence ensues, and the nitrogen libera +pd , 

and drives water out of it xm into tin* rpeo ent - ers -5j e . c jhnder 
minutes to allow cootogTo tke place Sen^* f0r ^ 
reservoir until the water m it and ^r' a Then iower the 
and read off the amount of gas it tte lattef 1 K ^ A Ve -’ 
graduated in percentage of urea Tnti+ti?! - Th ® c ylmder is 
per ounce, multiply this by 4-375. g * tix number of grains 
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In normal urine only 92 per cent of the nitrogen of the 
urea ia given off. If sugar be present the yield is for some 
reason much larger, amounting to about 99 per cent. In 
Gerrard’s instrument the scale is constructed for normal urine. 
In cases of diabetes, therefore, it is necessary to correct one’s 
result by multiplying the figure obtained by $-J, i.e. by 0*93. 

iii. Ureometer of Dor emus .* — This is a very simple and 
cheap form of apparatus, devised by Dr. Chas. Doremus, of 
New York. Modifications of it are sold by Southall (Birming- 
ham) and Cooper (London). It consists of a bent tube with a 
long limb closed at its upper end, and a short limb which 
expands into a wide bulb with an open mouth. 

In using the instrument, it must first be filled with hypo- 
bromite solution. Hold the tube vertically, and pour in the 
solution just short of overflowing. Then gently incline the 
instrument so that the solution fills the long limb as far as 
the mark near the bend, and no air bubbles are present. A 
little water should be added to fill the rest of the bend and 
the lower part of the bulb. The instrument may now be 
fixed in its stand. 

One c.c. of urine has to be measured out with the pipette 
provided. This is where the difficulty in using the instrument 
comes in. In order to accomplish it successfully, proceed as 
follows : Slip the rubber nipple high up upon the pipette. 
Compress the nipple, and immerse the point of the pipette just 
below the surface of the urine. Then allow the nipple to 
expand fully. Urine will be drawn up beyond the mark. 
Slide the nipple bodily down with the finger and thumb 
over the rimmed end of the pipette. This displaces the 
urine. Continue the displacement till the mark is reached. 
The pipette will now keep itself charged with exactly 1 c.c. of 
( urine. Wipe the outer surface of the pipette, and insinuate 
the end of it as far as it will go into the long limb of the 
apparatus. Now compress *the nipple so as to squeeze out 
all the urine, and withdraw the pipette, keeping up the 
compression until it is out of the liquid.f 

In about a quarter of an hour the amount of nitrogen which 

♦ Also knowu as Southall’s or Thurs field’s ureometer, A 
modification of this apparatus by Hinds has many advantages 
over the original. 

f The pipette may he provided with a piston instead of a nipple, 
or one can extemporize a piston by slipping over the end of the 
pipette a piece of thick- walled rubber tubing in which a piece of 
glass rod, lubricated with glycerine, can be made to act as a piston 
and suck up the urine. 
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has collected in the long limb may be read off. The instrument 
is provided with an English scale representing grains per ounce, 
and also with a metrical scale. The large divisions on the latter 
represent centigrams of urea per c.c. of urine. The scale be- 
tween is subdivided into tenths. Suppose the reading to be 
0*025. This means 0*025 grm. of urea in 1 c.c. of urine, and 
multiplying by 100 = 2*5 per cent. If more than 3 per cent, 
of urea be present the urine should be diluted with an equal 
volume of water and the result multiplied by .2. Albumin, if 
present, should always be removed beforehand. 

About 450 gr. (25-40 grm.) of urea are excreted 
daily in health. This is about 2 per cent., or 9 gr. 
per ounce. It is increased when much food or water 
is taken ; also in fevers, in diabetes, and in poison- 
ing by phosphorus or arsenic. It diminishes under 
diminished diet, in some severe diseases of the liver 
(because less is formed), and in some conditions of the 
kidney. No calculation of the amount of urea which a 
patient is passing is of much use unless the amount of 
nitrogen in his diet is also taken into account. 

.Ammonia. Quantitative estimation.— Folins 
method is the most exact, but it requires a special 
apparatus. The formaldehyde method is convenient 
and rapid, and sufficiently accurate for ordinary 
clinical purposes. It is based upon the power of 
formaldehyde to combine with ammonium salts to 
form hexamine (hexamethylene-tetramine), the acids 
combined with the ammonia' •being liberated. These 
can then be estimated by titration with standard 1 
alkali solution in the usual way. 

■ N 

Procedure . — Neutralize 25 c.c. of the urine with-jgNaOH, 

using phenol -phthalein as indicator. When the colour is just 
pink, add 10 c.c. of neutral formaldehyde solution (prepared 
by diluting 5 c.c. of 40-per-cent, formalin with an equal quan- 
* N 

tity of water and neutralizing with NaOH against phenol* 
phf^al^n)fupNow estimate " the amount of acid which has 



VII] AMMONIA— URIC ACID 335 

N 

been liberated in £he urine by again running in —NaOH 

till a pint colour persists. The amount of additional alkali 
required to effect this indicates the amount of ammonia 
N 

which was present, 1 c.c. of-|^NaOH representing 0*0017 grm. 

N 

of ammonia. Thus, if 6*4c.c.j^NaOH have to be added to 

neutralize 25 c.c. of urine after the addition of the formalin 
solution, then the amount of NH 3 in 25 c.c. of urine is 
0*0109 grm. From this the amount excreted per diem can 
easily be calculated, and the amount of nitrogen in the form 
of ammonia can be estimated by remembering that 17 grm. 
of NH 3 contain 14 grm. of N. 

On an ordinary diet the average daily excretion 
of ammonia is about J to 1 grm., and the ammonia 
nitrogen is from 2 to 5 per cent, of the total daily 
nitrogen. The excretion of ammonia is increased 
by the ingestion of acids or by their production in 
excess in the body. Thus the ammonia nitrogen rises 
greatly in all conditions leading to “acidosis,” such 
as advanced diabetes, delayed chloroform-poisoning, 
and the malignant type of the vomiting of pregnancy. 

Uric acid (C 6 H 4 N 4 0 3 ) occurs in the urine in 
combination with alkalis. Being a dibasic acid, Jt 
forms two classes of salts, the normal urates (Na 2 U) 
and the acid urates (NaHU). Under certain condi- * 
tions uric acid becomes Dee in the urine, and separates 
out as a crystalline deposit (“ cayenne-pepper ” 
deposit). Acid urates may also separate out in a 
crystalline form. Both forms of separation, when 
occurring inside the urinary passages, lead to the dis- 
ease known as “ gravel ” or to stone formation. The 
microscopic characters of these deposits are described 
in another section (p. 380). The conditions which 
favour the separation of uric acid and acid urates are 
U) the presence of a large amount of uric acid in the 
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-urine ; (2) a high degree of acidity ; (3) the presence 
of little salts and of a small amount of pigment. 

If present in large amounts, uric acid will reduce 
Eehling’s solution, but not Nylander’s solution \see 
Appendix, 14, 14a). 

To demonstrate uric acid in the urine it is necessary to take 
about 100 c.c. of urine, add ammonia until it is alkaline, and 
saturate with ammonium chloride. Ammonium urate is thus 
precipitated. Filter off, dissolve in water, and perform the 
murexide test by adding one drop of nitric acid and evaporating 
very slowly, avoiding charring. When almost dry, add to the 
orange-coloured residue a small drop of ammonia. A purplish 
or rosy-red colour appears at the edge of the drop, often better 
seen after gently heating. 

The action which takes place, consists in the oxidation of 
the uric acid into alloxantine (C 8 H 6 N 4 0 8 ) — the orange-coloured 
residue. On adding ammonia, purpurate of ammonia is formed 
(NH 4 C s H 4 N 5 0 6 ), and produces the purplish-red colour.,^ The 
murexide test cannot be applied directly, as urine on heating 
with nitric acid yields a red pigment. 

Quantitative estimation. — Eor clinical purposes 
this is best accomplished by a modification of Hop- 
kins’s method. It is based upon the insolubility of 
acid urate of ammonia in a saturated solution of 
ammonium sulphate. By saturating a given quantity 
of urine with sulphate of ammonium, all the uric acid 
separates out as acid urate of ammonium, which is 
collected ; the uric acid is then split off from it, and 
estimated either by weighing r or by titration with per* 
manganate of potash. Proceed as follows : — 

(1) Saturate 100 c.c. of urine (preferably warmed to 45^ 0.) 
with powdered ammonium sulphate. About 30 grm. will be 
required. Saturation is complete so soon as a few crystals 
remain undissolved after vigorous stirring at short intervals. 
Even if these should redissolve as the temperature of the 
mixture rises again after its initial depression, it does not 
matter. 

(2) Bender alkaline by adding a little ammonia. 

(3) After it has stood for |~1 hour, filter and wash the pre- 
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cipitate several times with saturated solution of ammonium 
sulphate. 

(4) Wash the precipitate off the filter with a jet of hot 
water, add a pinch of carbonate of soda, and heat till the 
precipitate dissolves. 

(5) Add distilled water to 100 c.c. 

(6) Add 20 c.c. strong sulphuric acid. 

(7) While hot, titrate with a normal solution of potass, 
permanganate — be. 1*578 grm. per litre. 

(8) Stop when a pink colour lasting a few seconds has 
appeared. Subsequent disappearance of the colour is to be 
disregarded ; it is sufficient that it should be visible for a 
second or two after stirring. 

(9) Every c.c. of the permanganate used = 0*00875 grm. 
of uric acid. 

'The presence of bile pigment interferes with the 
titration with permanganate. In that case the uric 
acid must be estimated by weighing. The trouble in 
the above method is that the solution is so dense that 
it passes very slowly through the filter-paper. To ob- 
viate this difficulty, glass-wool may be employed. (A 
little experience is necessary to enable one to pack the 
glass-wool firmly enough to keep back the precipitate, 
but yet not so tightly as to render filtration very slow.) 

The presence of albumin does not affect these 
methods. If there be a deposit of uric acid or of 
urates in the sample of urine, the whole should be 
thoroughly shaken up, the amount to be operated 
with measured off, and saturated as usual. Or a few 
drops of ammonia may be added and the urine 
warmed till the deposit dissolves. A deposit of phos- 
phates may be neglected. 

From 04 to 0-7 grm. (7-10 gr.) of uric acid is 
excreted daily. The amount is increased whenever a' 
large destruction of nuclein is going on ; thus in 
myeloid leukemia as much as 4 grm. may be excreted 
daily. It is also increased in acute fevers. It is 
diminished in chronic gout and after the administra- 
tion of quinine, 
w 
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We would again warn the reader against the 
common error of assuming'that a deposit of urates or 
uric acid necessarily indicates an increased excretion 
of the latter. 

Purin bases. — Among the chief products of the 
disintegration of nuclein are uric acid and some basic 
bodies which may be termed the “ nuclein ” or purin 
bases. These substances differ from uric acid in being 
basic. Hypothetical purin has the formula C 5 H 4 N 4 ; 
hypoxanthin is C 5 H 4 N 4 0 (monoxypurin), xanthin 
(dioxypurin) is C 5 H 4 N 4 0 2 — i.e. one atom of oxygen 
less than in uric acid (trioxypurin). The other 
members are adenin (C 5 H 3 N 4 ,NH 2 , aminopurin) and 
guanin (C 6 H 3 N 4 O.NH 2 , amino-oxypurin). These 
bases are sometimes spoken of along with uric acid 
under the term “ purin bodies.” These purin bodies 
contain between them from 1 to 5 per cent, of the total 
nitrogen in the urine. The purin bases are increased, 
just as uric acid is, in conditions associated with 
increased destruction of nuclein — e.g. in leukaemia. 
A milk diet causes the bases to increase while the uric 
acid diminishes. There is no constancy in their 
behaviour in gout. 

The purin bodies can be estimated in the urine with 
quite a sufficient degree of accuracy for clinical pur- 
poses by means of Walker Hall’s purlnometer.* 

The instrument consists of three parts — a close graduated 
tube ; a stopcock, with a bore of the same diameter as the 
upper tube ; a small glass reservoir of known cubical capacity. 
It is used in the following manner : With the stop at a right- 
angle to the tube, urine (first freed from albumin, if necessary, 
by slight acidification with acetic acid and boiling) is poured 
in up to 90 c*c. The stopcock is then turned parallel with the 
tube, and the lower chamber and the bore of the tap become 
filled with the urine ; 20 c.c. of magnesia solution (Appendix, 
17, No. 1) are then added, the instrument vigorously shaken, 

* The instrument is supplied by Messrs. Gallenkamp, Sun 
Street, Finsbury, E.C. - - * 
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and the precipitate allowed to settle into the lower chamber. 
Immediately this has happened the tap is again turned at 
right angles. To the clear fluid remaining in the upper tube 
silver solution is now added (Appendix, 17, 3Sfo. 2) to make the 
total fluid 100 c.c. The resultant precipitate consists of a mix- 
ture of silver-chloride and silver-purin. The apparatus is then 
inclined backwards and forwards till the precipitate is yellow- 
ish-white, which can be readily seen by comparison with the 
white phosphate precipitate in the lower tube. The instru- 
ment is now allowed to stand twenty-four hours, when the 
percentage of purins may be read off at the upper level of the 
precipitate. If the precipitate be not uniform the instrument 
must be again well shaken and the sediment allowed to settle 
afresh. The temperature of the room in which the estimations 
are made should be between 10° and 15° 0., and the instrument 
kept away from the light during the estimation. It should be 
cleansed immediately after being used, and when not in use the 
stopper and the plug of the stopcock should be kept apart 
from the tube. 

The only other nitrogenous constituents of normal 
urine which call for mention are creatinin and hip- 
puric acid. 

Crcativtivi (C 4 HN 3 0) is creatin minus water. 
It is not now supposed to be derived from either in- 
gested or body-muscle creatin. Different views are 
held as to its seat of formation : according to one, it 
may be in the liver; according to another, in the 
.muscles. Very little is really known as to the clinical 
significance of increased or decreased creatinin con- 
tent of the urine. It is s£id to be increased in pneu- 
monia, typhoid, and tetanus ; decreased in leukaemia, 
anaemia, advanced degeneration of the kidneys and 
liver, muscular atrophy and paralysis. About 1 grm.’ 
of it is excreted daily. It is of importance as being 
one of the constituents of normal urine, which is able 
fco reduce cupric oxide. 

Tests. — (i.) To 5 c.c. of urine add a few drops of saturated 
picric acid and make alkaline with a few drops of 10-per-cent, 
caustic potash. A red colour results, which does not become 
opaque on heating (see p. 357). 
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(ii.) To 5 c.c. urine add 4-5 drops of dilute sodium nitro- 
prusside, freshly prepared. Add, drop by drop, caustic potash ; 
a red colour results, changing to yellow. On adding acetic acid 
and boiling, a greenish-blue colour results, depositing, after a 
time, a blue sediment. (Acetone gives a similar colour, but 
it does not change to yellow on standing, and with acetic acid 
it yields a purple colour.) 

Hippuvic acid (0 9 H 9 N0 3 ) occurs in the urine 
as hippurate of sodium. About | grm. of it is excreted 
daily. This amount is increased by the taking of 
benzoic acid as a drug, or of fruits — e.g. mulberries 
and cranberries — which contain aromatic acids. 

4. Abnormal Chemical Constituents op Urine \ 
(1) proteins 

Any or all of the proteins of blood plasma — serum 
albumin, serum globulin, and fibrinogen — may occur 
in the urine. In addition, one meets with the com- 
' pound proteins — mucin and nucleo-protein — and with 
proteoses, both primary and secondary. It is doubt- 
ful whether true peptone ever occurs in the urine. 
It is true that two of these — mucin and nucleo-protein 
— are to be regarded as normal urinary constituents, 
being added to the renal secretion as it passes along , 
the urinary passages, but in health they are present 
in such small amount that they may be neglected. 
It is also true that albumin occurs in the urine 
in perfectly healthy persons ; the urine of healthy 
infants, for instance, often contains traces of it to the 
ordinary tests ; generally, however, the amount pre- 
sent is so small as not to be detected by the tests 
used for clinical purposes. Into the possible causes 
of this, and into the distinction between “ functional ” 
and “ organic ” albuminurias, we do not propose to 
enter. Chemical examination of the urine can merely 
show the presence in the urine of a protein ; it cannot ' 
tell us to what its presence is due. 
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i. Serum albumin and serum globulin in 
the urine (“ albuuuiuuia ”)• — These proteins 
may be found in tbe urine either together or separately. 
Tbe former condition is the usual one, and constitutes 
what is ordinarily spoken of as e£ albuminuria. 5 ’ The 
relative proportion of each protein varies greatly in 
different cases, but usually serum albumin is present 
in larger amount than serum globulin. The varia- 
tions in their relative amounts have no clinical signifi- 
cance. In what follows, the term “ albumin 55 will be 
held to include also globulin, unless stated otherwise. 

To separate albumin and globulin.— If one wishes to 
do this, the best plan is to render the urine slightly alkaline with 
ammonia, filter off phosphates if necessary, and add to 100 c.c. 
of the filtrate its own volume of a saturated neutral solution of 
ammonium sulphate. By the end of an hour, globulin, mixed 
perhaps With some mucin bodies, has separated out. Collect 
it on a weighed, dry, ash-free filter, wash with half -saturated 
ammonium sulphate solution, dry, and weigh. Then incine- 
rate, and deduct the weight of the ash. The difference gives the 
amount of globulin present. If the total proteins have been 
estimated by complete saturation of another sample of urine 
with ammonium sulphate and treatment of the precipitate in 
the above way, the difference between the total proteins and 
globulin may be reckoned as albumin. 

A simpler, but for clinical purposes sufficiently exact, 
method is that of Brandberg. It is thus described by Carstairs 
Douglas * : “ Brandberg’s method is based on tbe fact that in 
the cold nitric acid test the ring of albumin appears the quicker 
the more protein there is present. It has been found experi- 
mentally that if 0*0033 per cent, of albumin is present the ring 
appears in two to three minutes. By making a series of dilutions 
of definite strength of an unknown urine an estimate may 
be made of the amount of albumin present in it. Bor example, 
if the urine shows the ring of coagulation when diluted 10 
times, it contains 0*0033 X 10 = 0*033 per cent, of albumin ; 
if when diluted 30-fold it shows the same, it must contain 
0*0033 x 30 = 0*1 per cent., and so on. In estimating the 
amount present in an unknown specimen, it is necessary first 

* * t( Chemical and Microscopical Aids to Clinical Diagnosis” 

(Maclehose & Sons), 1899, p. 70. 
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of all to make certain dilutions of it, and Tappeiner recom- 
mends that, to begin with, dilutions of 10-fold, 30-fold, and 
say 150-fold, should be made. If now, after trying these 
specimens with the acid, it is found that the ring appears in 
less than two or three minutes in the former two, and in more 
than three minutes in the 150-fold dilution, the proper point 
will be reached at a dilution somewhere between 30-fold and 
150-fold, We may find it, let us say, at a dilution of 80-fold ; 
the percentage of albumin will then be 0*0^33 X 80 == 0*26. 
In any case the amount of albumin per cent, is obtained by 
multiplying 0*0033 by the degree of dilution.” 

In carrying out the above procedure certain precautions 
must be observed : — 

(а) The dilution of the urine must be made very exactly by 
the use of a burette. 

(б) About f in. of nitric acid should be used in each test, 
and the diluted urine run on to its surface very cautiously. 

(c) Holding a watch in one’s hand, one must know the 
exact time required for the appearance of a faint but distinct 
ring, and this time must fall between two or three minutes. 
The test tube should be held meantime against a dark surface. 

Having estimated the total protein present by this method, 
one must saturate some of the fresh urine with magnesium 
sulphate, filter off the precipitated globulin, and make a fresh 
estimate by the same method in the filtrate. This gives the 
albumin alone, and the difference between this and the pre - 
vious result indicates the amount of globulin. The presence 
of the magnesium sulphate does not seem materially to affect 
the result. 

Tests for albumin in the urine. — A great many 
reactions have been proposed for this purpose, and 
much has been written o:^ the subject. The fact 
seems to be that while in the majority of cases the 
presence of albumin or globulin in the urine can be 
demonstrated with perfect certainty by the applica- 
tion of one or two simple tests, yet every now and 
then cases are met with in which some doubt exists. 
We believe that by carefully applying the following 
tests the presence of ‘albumin and globulin can be 
clearly shown, even when present in very small 
amount. Before proceeding to apply any of the tests, 
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it is a sine qua non that the urine should be absolutely J 
clear. It may therefore be necessary to filter it. If f 
it be acid ? this can be proceeded with at once ; should 
it be alkaline, enough acetic acid should first be added 
to render it faintly acid.* It may be necessary to 
filter more than once. Should the urine still not be 
clear, the turbidity is probably occasioned by the pre- 
sence of bact&ia. These can best be removed either 
by (1) simply shaking up the urine with powdered 
barium carbonate, and filtering, or (2) adding to the 
urine a little caustic soda till a precipitate of earthy 
phosphates appears. This carries down with it all 
bacterial debris, and on filtration the urine will now 
be found to be clear. It should then be slightly 
acidified with acetic acid, and the following tests 
proceeded with : — 

(at Boil an inch or so of the urine in a test tube. If it 
remains perfectly clear while the reaction is still acid, no 
albumin is present. Turbidity may be due to coagulated 
albumin or to the throwing down of earthy phosphates. Add 
a drop of nitric acid. Any turbidity which remains is due to 
the presence of albumin ; mucin and nucleo -protein are re- 
dissolved by the nitric acid, t 

® Heller’s test . — Place \ in. of pure nitric acid in a test 
tube. With the aid of a pipette allow some of the urine to 
flow on to its surface. If after standing for half a minute no 
opaque white ring appears at the junction of the two fluids, 
the urine may be regarded as free from albumin, for the test 
is capable of revealing the^ presence of 0*002 per cent. If a 
ring forms it may be due to albumin, nucleo-protein, or 
proteoses. A diffuse haze at the upper part of the fluid 

* If this be not done, the presence of albumin which has been < 
converted into alkali -albumin may be overlooked. Such con- 
version is apt to occur in the case of patients who are taking the 
vegetable salts of potash as diuretics. 

t If> as sometimes happens, only a few drops of mine be obtain- 
able, the test may be modified by dropping the urine into a test 
tube full of boiling, water held against a dark background. If the 
urine be albuminous, each drop gives rise to an opalescent cloud. 
Phosphates give the same reaction, but the cloud disperses on the 
addition of acetic acid. 
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may be due to mucin. In the case of proteoses the ring dis- 
appears on heating, and reappears on cooling. (The method 
of distinguishing nucleo-protein and mucin will be considered 
later.) If the urine be very concentrated, nitrate of urea or 
aoid urates may separate out, usually in the form of a cloud 
without sharp margins. This can at once be distinguished 
by the fact that previous dilution of the urine with twice its 
volume of normal salt solution prevents its appearance. 
The precipitate also disappears on heating, ^nd shows small 
crystals on examination with the microscope. The presence 
of resinous bodies — e.g. balsams — in the urine may also cause 
the appearance of a white cloud, which, however, is at once 
dissolved on the addition to the urine of half its volume of 
alcohol (rectified spirit). 

It will often be noticed that a brownish-red transparent 
ring appears at the junction of the nitric acid and the urine. 
This is due to the oxidation of the urinary indigogens and the 
production from them of pigments. It occurs, therefore, in 
urines which are rich in indigogens, and has, of course, nothing 
to do with albumin. Such urines will be more fully considered 
later. 

Effervescence on the addition of nitric acid may be due to 
decomposition of urea with the liberation of C0 2 and nitrogen. 
This only occurs if the nitric acid used contains some nitrous 
acid also. 

As a substitute for nitric acid in the above test, one can 
use Spiegler's solution. It consists of — 

Perchloride of mercury . . 4 parts. 

Tartaric acid . . . . 2 „ 

Glycerine . . . . 10 „ 

Water 100 „ 

It gives a distinct white ring if as little albumin as 1 in 
350,000 bo present, and may reveal the presence of albumin 
even in normal urine. 

Another substitute, probably the most satisfactory of all 
tests for albumin, is a saturated solution of pure salicyl- 
sulphonic acid. It has the advantage over nitric acid of 
being non-corrosive, and therefore easily carried about. To 
perform the test, add a few drops of the saturated acid solu- 
tion to 10 c.c. of urine. A white precipitate indicates, as 
before, albumin, nucleo-protein, or proteoses. In the case of 
the latter it disappears on heating the solution, reappearing 
on cooling. 

(.sL e'Tr.Qcy.anid& of. potashiost. — Take 2 in. of urine in a test 
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tube. Add 10 drops of a 5-per-cent, solution of ferrocyanide 
of potash, and then render strongly acid with acetic acid. If 
the urine remains clear, no albumin is present. Turbidity may 
be due to albumin, proteose, or nucleo-protein. Proteose may 
be distinguished by the nitric or salicyl-sulphonic acid test ; 
nucleo-protein by the fact that it is precipitated by acetic acid 
alone without the aid of ferrocyanide. 

(d) Picric-acid test . — (Use a saturated solution of pure picric 
acid, without t^e addition of citric acid as in Esbach’s solu- 
' tion.) Place 2 in. of the picric acid in a test tube. Allow the 
urine to drop into it from a pipette. If no cloud forms around 
the drops, the urine is albumin-free. A cloud may be due to 
albumin, proteoses, or peptone. The precipitate produced by 
the proteoses and peptone disappears on heating. Quinine 
also gives a precipitate with picric acid which disappears on 
heating. 

It will be observed from what has been said above 
that it is comparatively easy to be sure of the absence 
of albumin — not so easy to be certain of its presence. 
The .substance which is most apt to be mistaken for 
serum albumin in the urine is nucleo-protein. We 
have already indicated some methods of distinguish- 
ing between the two, and shall return to the subject 
later when we consider “nucleo-proteinuria.” 

Quantitative estimation of albumin. — This can be 
done with sufficient accuracy for clinical purposes by 
means of Esbach’s albuminimeter. The principle of 
the method consists in measuring the depth of the 
coagulum produced in the urine by the addition of 
picric acid. The instrument consists of a thick glass 
test tube, with graduations on it from 0 up to 7. 

Method . — Filter the urine if not already clear, and if alka- 
line render slightly acid with acetic acid. If the specific gravity 
be 1010 or more, dilute the urine sufficiently to bring the 
density below that level (to 1008). This is important, and is 
often overlooked. Fill the tube with the urine up to the mark 
U. Pour in the reagent (Appendix, 13) up to the mark B. 
Close the tube with a rubber stopper, and gently invert it a 
few times to allow the fluids to mix. Set aside for twenty- 
four hours. At the end of that time read off the level of the 
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surface of the precipitate. The figures on the scale represeni 
grams of dried albumin per litre of urine. 

Divide by 10 to get the percentage, and multiply the resull 
by 4-375 to get the amount of albumin in grains per ounce oj 
urine. If the urine requires to be diluted,, the result must, o\ 
course, be multiplied the requisite number of times. 

Very small quantities of albumin cannot be estimated by 
Esbach’s method, as the instrument does not record less than 
0-1 per cent. If after the first trial the level gf the precipitate 
is found to be above the mark 4, the urine must be diluted and 
a fresh estimation made. 

An excretion of 8 grin, of albumin daily represents 
an ordinary degree of albuminuria. This is equivalent 
to about J per cent. 

ii. Proteosuria. — This is a more , correct term 
than “peptonuria,” formerly in use. It is very doubt- 
ful, as before remarked, if true peptone ever occurs 
in the urine. The clinical significance of the presence 
of proteoses in the urine is not yet finally determined. 

: Recent investigations tend to show that they* may 
occur in any “ infective ” disease — i.e. wherever dis- 
integration of tissue is going on under the action of 
micro-organisms. Thus they are not uncommonly 
met with in the urine in pneumonia. They are most 
constant, however, in cases where a large collection of 
pus has formed in the body — e.g. in empyema or large 
abscess formation. They have also been found in con- 
siderable quantity in some cases of nephritis. The 
proteose in these cases is usually transient and of little 
importance. -Permanent and abundant proteosuria 
fmay almost be regarded as pathognomonic of diffuse 
sarcomatous degeneration of the bone-marrow (myelo- 
pathic, or Bence-Jones proteosuria). 

Detection of proteoses. — There are two classes of pro- 
teoses primary and secondary — the latter standing nearest to 
the peptones. From a clinical point of view the differentiation 
of the two is of no importance, but they differ somewhat in 
tlieir chemical reactions, and this necessitates the application 
of different tests for their detection. We will assume fifst that 
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the urine to be examined is free from albumin. Proceed as 
follows 

(а) Add to the urine (filtered and acidified if necessary) a 
few drops of a saturated solution of salicyl-sulphonic acid. 
Boil, and filter whilst hot. If the filtrate becomes cloudy on 
cooling, proteose is present. 

The presence of antipyrin, quinine, and certain resins in the 
urine is apt to give a similar reaction. 

(б) Apply Heller’s test as already described (p. 343). A 
white cloud which disappears on heating and reappears cn 
cooling indicates the presence of primary proteoses. The cloud 
is situated towards the upper part of the tube — it does not 
form a sharp ring close to the nitric acid, as is the case with 
albumin. The secondary proteoses do not give this reaction 
unless in the presence of an excess of salt. 

(c) Add to the urine an equal volume of a saturated solution 
of common salt, and then drop in acetic acid so long as a cloud 
forms. If this disappear on heating and reappear on cooling, 
proteoses are present. Both forms of proteose give this reaction. 

If the urine be already albuminous the albumin should be 
removed before testing for proteose. To do this, bring the 
urine to boiling-point, add a drop or two of acetic acid, and boil 
for two minutes. Filter and test filtrate as above. 

v The Bence-Jones proteose already referred to is 
probably a hetero-proteose. It may be present in 
enormous amounts, and sometimes appears in the 
urine as a precipitate. It gives the ordinary proteose 
reactions, but is characterized by its behaviour on 
heating. Urine containing it becomes opaque at a 
comparatively low temperature (below 60° C.), and a 
sticky coagulum forms^which floats on the surface or 
adheres to the sides of the tube. If the reaction be 
acid this coagulum disappears entirely or almost so on 
boiling , and reappears on cooling . It is very easily 
soluble, too, in dilute alkali. The body also gives a > 
sha^.ring. ; with strong hydrochloric acid, even when the 
urine is diluted with twenty times its volume of water , 
This ring disappears on heating and reappears on 
cooling (Bradshaw’s reaction). 

If the presence of true peptone be suspected, the 
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urine must be saturated while boiling with sulphate of 
ammonium, and the filtrate tested for peptone by the 
ordinary reactions — the best being the occurrence of 
a white ring on floating the urine on Spiegler’s solu- 
tion ; or, better, dialyse the urine for two hours and 
test the dialysate for peptone. No proteose passes 
through in that time. t 

iii. Nucleo-protetiuiria and mucinnria.--- 
We have already mentioned that both a nucleo-protein 
(or a substance very closely resembling one) and mucin 
occur normally in the urine, and it is probable that 
the so-called “mucus” of the urine consists mainly 
of the former. In catarrhal conditions of the urinary 
passages, however, and especially of the bladder, an ex- 
cess of what is perhaps true mucus may appear in the 
urine, and to this the term “ mucinuria ” has been 
applied. As long as the urine is acid, mucin is in- 
soluble and forms a deposit at the bottom of the vessel. 
Such a deposit may be distinguished from pus by the 
absence of pus cells on microscopical examination, and 
by the fact that on adding to it some caustic potash 
the solution is not decidedly ropy, as it is in the case 
of pus. If the urine be alkaline the mucin goes par- 
tially or entirely into solution. It may then be de- 
tected by adding to the urine a few drops of acetic 
acid. A white cloud, insoluble in excess and increased 
on boiling, indicates mucin. *This will often succeed 
better if the urine be previously diluted with its own 
bulk of water, as the presence of a large quantity of 
salts tends to prevent the precipitation.* There is no 
simple clinical test for distinguishing true mucin from 
nucleo-protein in the urine. 

“ Eibrinuria ” has already been described (p. 317). 

* Previous dilution of the urine has also the advantage that it 
prevents one from being deceived by a precipitate of urates which 
may be thrown down if acetic acid is added to a concentrated urine. 
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(2) BLOOD AND ITS DERIVATIVES IN URINE 

Blood may appear in the urine as a whole (hema- 
turia), or blood pigment may appear without cor- 
puscles (hemoglobinuria). These two conditions can 
only be differentiated by examining the deposit for 
blood cells. There is here one source of fallacy. In 
alkaline urines, especially if they have stood for some 
time, the red cells are apt to swell up and disappear. 
The urine should, therefore, be examined as fresh as 
possible. 

If urine contains only a small amount of blood or 
blood pigment it has a peculiar opaque appearance, to 
which the term “ smoky ” is applied. Large quan- 
tities of blood give to the urine a red colour varying 
in intensity with the amount of blood present. The 
blood corpuscles are apt to settle at the bottom, pro- 
ducing a floeculent deposit, which is brown or red 
according to the amount of the blood and the degree 
of its alteration. 

The following tests depend upon the presence of 
blood pigment, and therefore give a positive reaction 
both in Itacmatiirfa and in hemoglobinuria:— 

i. Heller’s test. — Place 2 in. of the urine in a test tube 
and render it strongly alkaline with caustic soda. Boil. If 
blood pigment be present the deposit is brownish-red in colour 
while the supernatant fluid is bottle-green. 

The precipitate consists of earthy phosphates 
which have carried down with them hematin derived 
from the blood pigment, and are therefore reddish in 
colour instead of being white or yellowish. If the 
urine be alkaline a few drops of calcium chloride solu- 
tion should be added to form more earthy phosphates* 
If the urine be very dark, as it may be (e.g. from the 
presence of bile), the supernatant fluid should be 
decanted off the precipitate and replaced by water. 
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The test is sufficiently delicate to reveal the presence 
of 1 c.c. of blood in 1 litre of urine. 

F^aam.~-lt the patient be taking senna, san- 
tonin, or rhubarb, the test may yield a positive result 
even although no blood is present. If the coloration 
be due to heemoglobin, however, the precipitate yields 
the spectrum of alkaline hsematin (Fig# 72, p. 244), 
and this excludes all possibility of fallacy. 

ii. Guaiac test. — Take 1 in. of urine in a test tube, add 
to it two drops of tincture of guaiac. A white precipitate 
forms, owing to partial precipitation of guaiac resin. Now add 
1 in. of ozonic ether without shaking. If blood pigment be 
present a blue colour appears at the junction of the fluids.* 

The blue colour is due to oxidation of the guaiac 
by oxygen derived from the ozonic ether, the blood 
pigment acting as the carrier. Ozonic ether is a solu- 
tion of peroxide of hydrogen in sulphuric ether. 

Fallacies . — If iodides be present in the urine a blue 
colour is produced on applying the test. ,It is dis- 
tinguished from that due to blood by the fact that it 
appears much more slowly, and by its appearing 
simultaneously all through the fluid, not at the junc- 
tion of the ether and the urine. 

Pus gives with guaiac alone a greenish-blue colour, 
which disappears on heating. 

The presence of much saliva in the urine (e.g. from 
the patient spitting into it) i% also a possible source 
of fallacy, as it gives the guaiac test owing to the 
presence of an oxidase. As oxidases are present some- 
times in urine, it is better to boil the urine before 
performing the test. The coagulum in this case is 
turned blue when blood is present. 

* The tincture of guaiac must be prepared from fresh — i.e. 
unoxidized— resin, and the ozonic ether must contain in solution 
peroxide of hydrogen of 30-volume strength. It should give off 
bubbles of gas when poured into the test tube. If these points 
be not attended to, the _ test may fail. Sanxtas is a very good sub- 
stitute for ozonic ether in the above test, and is less expensive. 



H^MATOPORPHYBINURIA 


351 


vxi] 

Metheemog'lobiiiurla. — Methamioglobin may 
be formed from haemoglobin in any acid urine after it 
has stood for some time. Not infrequently, however, 
methaemoglobin is present in the urine when passed. 
It has been said to indicate that the haemorrhage 
has its origin in the kidney. The characteristic 
smoky tint of-, the urine in haematuria of renal origin 
is largely due to methaemoglobin, and the pigment 
present in “ paroxysmal haemoglobinuria ” consists 
largely of methaemoglobin. Spectroscopic examination 
is the only satisfactory test for methaemoglobin. The 
urine, if very dark in colour, should first be diluted, 
and it should always be filtered. It should then be 
examined in a layer 5 cm. thick — a small flat glass 
bottle does well enough. If methaemoglobin be pre- 
sent there will be a band visible in the red, in addi- 
tion to two bands nearly in the position of those 
due to oxyhaemoglobin (see Pig. 72, p. 244). 

Haematoporphyrlmirta. — Haematoporphyrin 
(iron-free haematin) occurs normally in the urine in 
very small amount, and may be considerably increased 
without affecting its colour. When present in large 
quantities the urine has a dark port-wine colour. 
Such a urine does not give the guaiac reaction. If 
-examined with the spectroscope in a thin layer it may 
possibly show the characteristic spectrum of so-called 
alkaline hsematoporphyiln, that being the form met 
with even in acid urines. Often, however, no distinct 
spectrum can be obtained on direct exa min ation of 
the urine. In such a case the pigment can be extracted 
by shaking up the urine with a little amylic alcohol or 
acetic ether, after the addition of a few drops of acetic 
acid. The extract so obtained shows the bands of 
alkaline hoematoporphyrin, viz. four bands, one at the 
junction of the red and yellow, a second in the yellow, 
a third in the green, and a fourth (the broadest) 
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between the green and the blue ( see Fig. 72, p. 244). 
On adding a drop or two of hydrochloric acid the 
bands of acid hoematoporphyrin are obtained, viz. 
two bands, one in the orange (narrow) and one at 
the junction of the yellow and green (broader). The 
latter is the characteristic band, and consists really 
of two halves, a lighter half on the .side next the 
narrow band and a very dark half on the side away 
from it. 

Hsematoporphyrin sometimes appears in large 
amount in the urine of patients who are taking 
sulphonal, but much more commonly in females than 
in males. It is a sign of very grave significance, as 
such cases often terminate fatally. The excretion of 
port-wine-coloured urine by a patient who is taking 
sulphonal is always an indication for the immediate 
stopping of the drug and for the free administration 
of alkalis. 

Urine which contains blood or haemoglobin con- 
tains also, of course, some albumin, and it is often 
difficult to say whether the blood is sufficient to 
account for all the albumin present or whether true 
albuminuria exists as well. We have found that if 
human blood be added to normal urine in an amount 
sufficient to produce distinct smokiness, the quantity 
of albumin amounts to merely a trace. Even when 
the quantity added is sufficient to render the urine 
distinctly red, the amount of albumin, as shown by 
Esbach’s method, is only \ per 1,000. 

. (3) SUGARS JN THE 

The sugars which are of most practical importance 
in the examination of the urine are glucose and lac- 
tose. It is possible that lsevulose may sometimes occur 
along with glucose. Cane sugar and maltose may con- 
ceivably appear in the urine if excessive quantities of 
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either be ingested. Under rare conditions pentoses 
may also occur. 

Glucose in the urine. — Glucose (dextrose cr 
grape sugar), C 6 H 13 0 6 , is by far the commonest variety 
of sugar met with in the urine. The condition is 
spoken of generally as 44 glycosuria.” This must be 
distinguished from “ diabetes.” Diabetes — or, more 
correctly, diabetes mellitus — is a disease of which 
glycosuria is the chief symptom, but every patient 
with glycosuria has not necessarily got diabetes. It 
has long been disputed whether or not traces of 
glucose occur in normal urine. Recent researches 
appear to have finally settled the question. Traces 
of glucose do occur in normal urine, but not in an 
amount capable of detection by the reagents usually 
employed. If, therefore, glucose be detected by any 
of the tests we are about to describe, its presence 
may be regarded as pathological. 

Tests for glucose in tlie urine. — A group 
of these tests depends upon the fact that glucose can 
become oxidized at the expense of certain metallic 
oxides, this oxidation occurring most easily at a; 
temperature near boiling, and in the presence of free 
caustic alkali. Copper is the metal usually employed 
in the test. If one takes a solution of caustic soda and 
adds to it a few drops of a very dilute solution of sul- 
phate of copper, a blu# precipitate forms. This is 
hydrated cupric oxide (Cu0H 2 0). If now one boils 
the blue precipitate it becomes black from the sepa- 
ration of cupric oxide (CuO). In the presence of 
certain substances, however — such, for example, as a 
tartrate — the cupric hydrate formed on the addition 
of the sulphate goes into solution instead of being 
precipitated. A deep-blue fluid then results, which 
remains unaltered on boiling. If an oxidizable sub- 
stance such as glucose be present, however, the blue 

x 
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cupric hydrate is reduced on boiling to cuprous hydrate 
(Cu 2 0H 2 0), which is not capable of being held in solu- 
tion, and accordingly appears as a yellow precipitate, 
or it may be further dehydrated to cuprous oxide 
(Cu 2 0), which is red. Now, glucose is not merely 
capable of reducing cupric hydrate, but it is also one 
of the substances which, like the tartrates, are capable 
of holding it in solution. Hence, if*a solution of 
glucose be rendered alkaline with caustic soda, and a 
few drops of cupric sulphate solution added, the cupric 
hydrate formed is dissolved and a blue solution results. 
On raising this to the boiling-point the glucose reduces 
the cupric hydrate, and yellow cuprous hydrate or 
red cuprous oxide is precipitated.* 

Such is a brief account of the chemistry of the 
copper test for sugar. The two chief methods of 
applying it are 

i. T rommer’s test. — Take 2 in. of the urine in a test 
tube,* add one-eighth of its volume of caustic potash, and then 
drop in carefully some 1-per-cent, solution of sulphate of 
copper, shaking after each addition, if any considerable 
quantity of glucose be present the cupric hydrate formed is at 
once dissolved, and a blue solution results. Continue to add 
sulphate of copper until a little cupric hydrate remains undis- 
solved. Boil the upper part of the fluid and it becomes yellow 
from separation of cuprous hydrate ; and on prolonged boil- 
ing this becomes red (Cu 2 0). If more cupric hydrate has been 
formed than the amount of sugar present is capable of holding 
in solution, the excess yields black cupric oxide on boiling, 
which obscures the result. Hence the advantage of Fehling’s 
reagent, in which solution of all the cupric hydrate is ensured 
by the addition of a tartrate. The formula for the reagent 
will be found in the Appendix (14). 

If even a small quantity of glucose be present, the 
reduction in Trommer’s test begins before the boiling- 
-point is reached. Glucose is the only substance likely 
|/0 be found in the urine which will do this. 

* Cuprous hydrate is obtained when creatinin is present ; in the 
absence of the latter, red cuprous oxide is thrown down. 
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ii. Fehling’s test. — As a preliminary to carrying out the 
test, oniflmuSt' always make sure that the reagent is good. 
This is necessitated by the fact that Fehling’s solution alters 
on keeping, with the result that on boiling it deposits a precipi- 
tate of cuprous oxide. The exact nature of the alteration is 
not fully understood. To test the Fehling’s solution, add to 
it an equal volume of water, and boil for two minutes. If the 
solution remains clear, it is to be regarded as safe. Should a 
precipitate occu**, a little more caustic soda should be added 
and the liquid filtered. It is then ready for use. Add to 1 in. 
of Fehling in a test tube a few drops of the urine (freed from 
albumin), and boil. If any considerable quantity of glucose 
is present, a yellow or red precipitate will appear. Should 
none be evident, add as much urine as there was Fehling, and 
boil for two minutes. Set aside. If after standing the solution 
still remains quite clear, there cannot be more than a mere 
trace of sugar present. 

The test may be made more sensitive by pouring the urine \ 
from a pipette on to the surface of the just-boiled Fehling’s 
solution and allowing the tube to stand for a few minutes. 
Reduction occurs at the interface and in the urine where there 
is little caustic alkali or tartrate to dissolve the oxide of copper, 

“ If the proportion of sugar,” says Allen,* “ be 
moderate — that is, under 0-8 per cent. — the precipita- 
tion of the yellow or red cuprous oxide does not take 
place immediately, but occurs as the liquid cools, the 
appearance being somewhat peculiar. The liquid first 
loses its transparency, and passes from a clear bluish- 
green to an opaque light -greenish colour. This green 
milky appearance is said to be very characteristic of 
dextrose, but it would *be more correct to say that 
its appearance indicated the presence of some sub- 
stance interfering with the normal reaction of sugar.” 
Creatinin is the chief substance which may act as such 
an interfering agent, and its presence renders the in- 
dications of Fehling’s test uncertain when only small 
quantities of sugar are present. Allen has accordingly 
proposed the following modification of Fehling* s test 
by taking advantage of the fact that a slightly acid' 
Chemistry- of Urine,” p. 61. 
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of cupric acetate will precipitate most of the 
nterfermg substances without affecting any form 
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carbolic acid, etc. ; “ alkapton 35 urines, and those to 
which formalin has been added, also reduce Fehling. 
In a doubtful case, if the specific gravity of the urine 
be high, it should be reduced by the addition of water 
to about 1015. Any reduction of Fehling then obtained 
after boiling for ten seconds, either immediately or on 
standing for a minute or two, almost certainly indi- 
cates the presence of sugar in pathological amount, 
provided the patient be taking no drugs. 

If one is still in doubt, the following additional 
tests should be employed : — 

hh .NyJander’s test. — The reaction depends upon the 
power of glucose to reduce bismuth compounds in alkaline 
solution with the formation of the black suboxide. To 10 c.c. 
of urine add 1 c.c. of the reagent (Appendix, 14a), shake, and 
boil for two or three minutes. If sugar be present a fine black 
precipitate of bismuth suboxide settles down. 

This test is very delicate, and is not given by the \ 
reducing bodies often present in excess in normal urine. { 
If the test be negative, therefore, the absence of sugar 
may be safely assumed. Glycuronic acid, lactose, 
and some drugs (e.g. rhubarb, senna, salol, turpentine, 
antipyrin, etc.), however, give a positive reaction. 

iv. Picric-acid test, — Take 1 in. of urine in a test tube. 
Add £ in. of saturated solution of picric acid and a few drops 
of caustic potash ; heat. If sugar be present, the solution 
becomes of a very dark opaque red colour, owing to the reduc- 
tion of the picric to picramic acid. 

Fallacies .— Normal urine causes some darken- 
ing of the fluid when the test is carried out as above. 
This is owing to the creatinin which it contains. The 
colour is not nearly so dark as that produced by 
sugar, and the solution always remains transparent 
when held up to the light, (b) If the picric acid be 
impure, it may darken spontaneously when heated 
with caustic potash. It is as well, therefore, to .test 
the picric acid employed, before using it. 
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v. Phenyl-hydrazin test— Place GO c.c. of urine in a 
100 c.e.beaker.' 'Add 1 grm. of sodiuia acetate and rather less 
pure phenyl-hydrazine-hydrochlorate (the colourless crystals 
are best). Place in a water bath, stirring from time to time, 
and scraping off any deposit which forms on the sides. Con- 
tinue till the bulk is reduced to 10 or 15 c.c. Allow to cool, and 
examine the deposit after two hours. If there are no crystals, 
sugar is absent. 

The following is a simpler form of the ^est for clinical 
purposes : — 

To 10 c.c. of the protein-free urine in a test tube add 6 
drops of glacial acetic acid, enough solid phenyl-hydrazine- 
hydrochloride to cover a shilling, and twice this amount , 
of solid sodium acetate. Heat to dissolve, and filter into 
another test tube. Immerse this in a boiling-water bath for 
forty minutes. Turn out the flame and allow theytnbeto/j|^ 
in the bath for an hour. ^ 


When glucose is present, bright, sulphur-yellow, 
ueedle-shaped crystals will be found arranged in tufts, 
sheaves, or rosettes. If sugar be absent, only brown 
or yellowish globules or granules are seen, and in such 
a case the reduction of the Fehling’s solution cannot 
have been due to glucose. Glycuronic acid, lactose, 
and the pentoses, however, yield crystals which might 
be mistaken for those given by glucose, so that if the 
phenyl-hydrazin yields a positive result at all it is 
always well to proceed to the fermentation test. 

j vi. Fe rmentation test. — This is really the one absolutely 
i ’ certamTest for glucose, that being the only fermentable sub- 
stance which is ever found in the marine. Neither lactose nor 
glycuronic acid — the two substances most liable to be mis- 
taken for glucose — is fermentable. 

The following precautions must be observed in carrying out 
the test : (a) The urine must be acid . Alkaline urine would 
putrefy ; therefore render it acid, if necessary, by adding tar- 
taric acid. (6) Boil the urine for ten minutes, so as to drive 
off any air it may contain. Use German yeast. Shake the 
urine up with a small piece of it, so as to form an emulsion free 
from lumps, then place the urine so prepared in a tube. Special 
fermentation tubes are manufactured. If one of these is not 
obtainable, an ordinary test tube inverted in a bath of mer- 
cury will do. A Doremus (Southall’s) ureometer tube does 
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extremely well. The long limb of it should be filled with the 
urine completely, no air bubbles being left. Set aside the tube 
in a warm place, and examine after a few hours. If a distinct 
bubble has appeared at the top of the tube, the urine is fer- 
mentable, and contains at least 0*5 per cent, of glucose. Care 
must be taken to ascertain that the yeast is active. It should 
be tested with a dilute solution of glucose. It is also well to 
have a control tube full of normal urine to which yeast has 
been added, as the yeast is apt to give off a little gas. 

If these precautions are observed, the test is trustworthy 
and delicate. 

The only drawback to the fermentation test is that 
it may not give any reaction if the urine contains less 
than 0*1 per cent, of sugar. If, then, no gas be pro- 
duced on fermentation, one should apply Fehling’s test 
to the urine after it has been submitted to the action 
of yeast for twenty-four hours. If no reduction be 
now obtained, then the urine has contained a trace of 
glucose, though not enough to ferment appreciably. 

Quantitative estimation of sugar. — i. Fee- 
ling’s method consists in titrating the urine with a 
known quantity of Fehling’s solution at boiling tem- 
perature, and observing when all the cupric oxide has 
been reduced to cuprous oxide, as evidenced by the 
discharge of all the blue colour from the solution. 
Owing to the formation of the red precipitate, it is not 
an easy matter to determine accurately when the blue 
colour has disappeared, ^and for this reason Feh lin g’s 
method is not recommended for quantitative work, 
one of the following modifications being preferable. 

ii. Ling and Rendle’s method. —In this method 
the complete reduction of the cupric salt is determined 
by^ using a solution of ferrous thiocyanate as indicator. 
This is prepared by dissolving with gentle warmth 1 grm. of 
ferrous ammonium sulphate and 1*5 grm. of ammonium 
thiocyanate in 10 c.c. of water ; cooling, and adding 2*5 c.c. 
of concentrated HC1. If the solution thus obtained has a 
brownish-red colour due to the ferric salt, it may be reduced 
by shaking with a little zinc dust. This indicator shows 
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the presence of a cupric salt. When such a salt is brought 
into contact with the ferrous thiocyanate, the ferrous salt 
becomes converted into the ferric salt, which is blood-red in 
colour. Fehling’s solution therefore gives a blood-red colour 
until all the cupric salt in it has become reduced to cuprous 
by the sugar. 

One proceeds as follows : If ordinary diabetic urine is 
being examined, it should be diluted to the extent of 1 in 
20 (5 c.c. of urine to 95 c.c. of water).* Fill $ burette with it. 
Measure 10 c.c. of Fehling’s solution into a flask of 100 c.c. 
capacity, add a little strong caustic soda solution,! and 
water to 50 c.c. Boil. Whilst it is boiling, run in the urine 
till the fluid above the precipitate of cuprous oxide is judged 
to have lost all colour. A drop of the fluid is now removed 
and tested with a drop of the indicator upon a slab of 
porcelain ; if no red colour is produced the reduction of the 
Fehling’s solution is complete. 

Calculation . — 10 c.c. Fehling = 0-05 grin, glucose. 
Suppose 10 c.c. of the diluted urine has been used, 
and 5,000 c.c. is the amount of urine passed in 
twenty-four hours : then 

Sugar in 24 hours = — 25 grm. 

but the urine was diluted 1 in 20, 

sugar in 24 hours = 25 X 20 = 500 grm. 

The result must be multiplied according to the 
degree of dilution. 

iii. Pavy’s method is also convenient for clinical 
purposes. It differs from IJehling’s in this — -that a 
-quantity of strong ammonia is added to the alkaline 
cupric tartrate solution. Ammonia is able to dissolve 
cuprous oxide, the solution being colourless. Hence, 
when the solution is titrated at the boiling-point with 
a solution containing glucose, the mix ture gradually 
fades until every trace of blue has gone, and one is not 
confused by the throwing down of a red precipitate. 

* The urine must be diluted to such an extent that not more 
than 5-10 c.c. are required to reduce 10 c.c. of Fehling. 

t This facilitates the separation of the cuprous oxide. 
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Pavy’s solution lias also the advantage of keeping 
indefinitely, and of being possessed of an originally 
deeper colour. The method of preparing it will be 
found in the Appendix (15). 


Fig. 90.— Pavy’s apparatus. 

_ Method . — Fill a burette with urine diluted 1 in 20 (5 e.c. 
urine to 95 c.c. of water) for ordinary diabetic urine. The out- 
flow from the burette should be regulated by a stopcock or 
screw. The end of the burette is connected with a tube pass- 
ing through the stopper of a 150 c.c. flask. Another hole in 
the stopper allows the passage of an exit tube for the escape 
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of the fumes of ammonia (Fig;. 90). Place in the flask 10 c.c. 
of the solution, diluted with 20 c.c. of water.* When the solu- 
tion is boiling, run in the urine. It should be run in at the 
rate of 60-100 drops per minute — not too fast, or the limit 
of reduction may be overstepped ; and not too slowly, or all the 
ammonia may be driven off and some cuprous oxide thrown 
down. When the blue colour has entirely faded, take a reading 
of the burette. 

f- 

The calculation is performed in the same way as 
for Fehling’s method, hut it must be remembered that 
10 c.c. of Pavy’s solution only = 0*005 grm. of glucose, 
i.e. it is ten times less strong than Fehling’s. The 
accompanying table (p. 363) saves the trouble of cal- 
culation. It gives the sugar in grams per 1,000 c.c. 
The same table may be used for Ling and Rendle’s and 
Gerrard’s methods (provided that 10 c.c. of Pehling 
has been taken), the number of parts per 1,000 being 
always multiplied by 10 to allow for the greater 
strength of Fehling’s solution ; e.g. if 10 c.c. diluted 
urine is used in Pavy’s method, reference to the table 
shows that this means 0*5 grm. sugar per 1,000 c.c. ; 
by Fehling’s method it would be equivalent to 5 grm. 
per 1,000 c.c. In each case the result must be multi- 
plied by 20 if the urine has been diluted 1 in 20, and 
if it be desired to express the result in grains per ounce 
the amount per 1,000 c.c. should be multiplied by 
04375. 

* Some writers recommend that 7)0-100 c.c. of Pavy’s solution 
be taken. This necessitates the addition of a little talc or pumice- 
stone to prevent bumping, and also of some arrangement to 
neutralize the fumes of ammonia given off. A jar of acidulated 
water (as shown in figure) does this quite well. A layer of liquid 
paraffin poured on its surface serves as a valve and prevents any 
air from getting in and causing re -oxidation of the cuprous oxide. 
Sutton leads the fumes away by an elastic tube closed at the end by 
a plug of glass rod, with a transverse slit just above the plug. This 
allows the fumes to escape, and prevents the return of fluid in 
case of a vacuum forming. Pavy himself uses only 5-10 c.c. of 
his solution. If the urine is sufficiently diluted this gives quite 
accurate results, and the small amount of ammonia given off is 
no inconvenience,.' 
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Table showing the Amount of Sugar , expressed in parts (by 
weight) per 1,000 (by volume), corresponding with cubic 
centimetres, in 10 ths, required to decolorize 10 ex. of the 
Ammoniated Cupric Test . 


C.c. to de- 
colorize 

Parts per 
1,000 

C.c. to de- 
colorize 

Parts per 
1,000 

C.c. to de- 
colorize 

Parts per 
1,000 

1*0 

5*000 * 

5* 1 '* 

*877 

10*4 

*480 

•1 

4*545 

*S 

*862 

*5 

*476 

*2 

4*166 

*9 

*847 

•o 

•471 

•3 

3*846 

6*0 

*S33 

•7 

*467 

*4 

3*571 

*1 

*819 

*8 

•462 

•5 

3*333 

*2 

•806 

•9 

•458 

•o 

3*125 

*3 

*793 

11*0 

*454 

*7 

2*941 

*4 

*781 

•1 

•450 

*s 

2*777 

*5 

*769 

*2 

•446 

*9 

2*632* 

*6 

*757 

*3 

•442 

2-0 

2*500 

*7 

*746 

*4 

*438 

•1 

2*380 

•s 

*735 

*5 

*434 

*2 

2*272 

*9 

•724 

*6 

•431 

■3 

2*173 

7*0 

•714 

•7 

*427 

‘4 

2*083 

*1 

*704 

•s 

•423 

•5 

2*000 

*2 

•094 

*9 

, *420 

•6 

1*923 

*3 

•6S4 

12-0 

•416 

*7 

1*851 

*4 

*675 

*1 

•413 

*8 

1*785 

*5 

•666 

•2 

*409 

•9 

1*724 

*6 

•057 

•3 

•406 

3-0 

1*666 

*7 

*649 

•4 

*403 

. '1 

1*612 

*8 

*640 

•5 

*400 

*2 

1*502 

*9 

*632 

*6 

*390 

'3 

1*515 

8*0 

*625 

•7 

*393 

*4 

1*470 

*1 

*617 

•s 

•390 

'5 

1*403 

*2 

•609 

•9 

•387 

•6 

1*388 

*3 

*602 

13*0 

•384 

*7 

1*351 

*4 

*595 

•1 

•381 

•8 

1*316 

*5 

*588 

•2 

*378 

■9 

1*281 

*6 

•581 

*3 

*375 

4*0 

1*250 

*7 

*574 

*4 

•373 

T 

1*219 

*8 

•568 

*5 

•370 

*2 

1*190 

•9 *> 

•561 

•o 

*367 

*3 

1*162 

9*0 

•555 

*7 

•364 

•4 

1*136 

*1 

*549 

•s 

•302 

*5 

1*111 

*2 

*543 

•9 

*359 

*6 

1*086 

*3 

*537 

14*0 

•357 

*7 

1*063 

*4 

•531 

*1 

*354 

*8 

1*041 

*5 

*526 

*2 

*352 

*9 

1*020 

*6 

*520 

*3 

*349 

5*0 

1*000 

*7 

*515 

•4 

*347 

*1 

*980 

*8 

*510 

■5 

•344 

*2 

*961 

*9 

*605 

*6 

*842 

*3 

*943 

10*0 

•500 

*7 

*340 

*4 

*925 

*1 

*495 

•8 

*337 

*5 

*909 

*2 

*490 

*9 

*335 

*G 

*892 

*3 

•485 

15*0 

•333 
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In both methods the urine must be freed from 
albumin (if necessary) by adding two drops of acetic 
acid, boiling, neutralizing with calcium carbonate, 
filtering, and making up to the original volume with 
water. 


iv. Gerrard’s cyano=cupric method. — This method 
depends upon the fact that the’ colourless Rouble cyanide of 
potash and copper is capable of holding cuprous oxide in solu- 
tion just as ammonia does in Pavy’s process. If, therefore, 
Fehling’s solution is titrated with a sugar solution in the 
presence of this cyanide, the blue colour fades gradually, no 
precipitate being thrown down. The end point is thus very 
sharp, and, as there is no tendency to re-oxidation, the process 
may be safely conducted in an open porcelain basin. 

To prepare, the double cyanide . — Dilute 100 c.c. of Fehling 
with about 200 c.c. of water, boil, and run in cautiously an 
approximately 5-per-cent, solution of cyanide of potash. When 
the colour is just gone, dilute to exactly 500 c.c., and keep in a 
well-stoppered bottle. 

Method of titration . — To 30 c.c. of the above solution add 
10 c.c. of Fehling, and boil in a porcelain basin. Run in the 
diluted urine cautiously till the colour of the solution has just 
gone. As the double cyanide undergoes no reduction, one has 
only to reckon with the 10 c.c. of Fehling added. This process 
is rapid and accurate enough for clinical use. As a mixture of 
the double cyanide and Fehling’s solution will keep quite well 
for a number of weeks, it is easy to prepare it in bulk and to 
measure out each time such an amount as will correspond to 
10 c.c. of Fehling. 

v. Polarimetric method. — In this method advan- 
tage is taken of the fact tlfat the amount of sugar 
in urine may be estimated by observing the degree 
of rotation of polarized light produced by a layer of 
urine 1 or 2 decimetres thick. The calculation is 
based on the fact that theoretically 100 grm. of sugar 
dissolved in 100 grm. of water, observed as a layer 
1 decimetre thick, rotates polarized light through a 
definite number of degrees, 52-5° to the right for dex- 
trose, 52*4° to the right for lactose, and other numbers 
for other sugars. In the case of dextrose, therefore, 
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a rotation of 1° = grm, of sugar in 100 c.c. 


= 1-905 grm. in 100 c.c. 
when seen through a tube 1 decimetre long. 

A table may therefore be constructed by multiply- 
ing this figure by the different numbers up to 9. 
When a tube % dcm. long is used it is necessary to 
divide the reading by 2 ; 1° therefore = 0*952 grm. of 
sugar. 

The following is a table for use with 1 dcm. and 
2 dcm. tubes : — 




With 1 dcm . 

With 2 dcm. 



0 

tube 

tube 

1° 

rotation 

= 

1-905 grm. of 

sugar per 100 c.c. 0-952 

2° 

>» 

= 

3-810 

„ „ 1-905 

3° 

>» 

= 

5-715 

,, 2*852 

4° 


= 

7-620 

„ „ 3-810 

5° 

>> 

= 

9-525 

„ 4-762 

6° 


== 

11-430 

». „ 5-715 

7° 


= 

13*335 

„ „ 6-667 

8° 

tt 

=55 

15-240 

„ „ 7-620 

9° 

it 

= 

17*145 

„ „ 8-572 


By merely altering the position of the decimal 
point the amount of glucose causing a given degree of 
rotation is easily calculated. For example, suppose, 
using a 1 dcm. tube, a rotation of 4-3° is observed ; 
then — 

4° = 7*620 

0-3° = 0*5715 

= 8-1915 grm. of sugar per 100 c.c. of urine. 

Various forms of polarimeter are in use, and for 
the principle of action of the different instruments 
advanced manuals must be consulted. To make a 
reading, proceed as follows : — 

The urine must be clear and not high-coloured. If necessary 
treat every 50 c.c. of urine with 10 c.c. of a 25-per-cent, solution 
of lead acetate and use the filtrate. Ascertain that the zero of 
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the polarimeter is correct by observing when an equal illumin- 
ation of the field is given by a tube of water. If an error 
exists, this must be added to or deducted from the subsequent 
reading. Carefully fill the observation tube to overflowing, 
slide on the cover-glass so that ncr air bubbles are included, 
place in polarimeter. Upon observation the field is found to 
be unequally illuminated. Equal illumination is now restored 
by careful rotation (clockwise = dextrorotation), and the 
amount read off on the scale provided, usually with the aid of a 
vernier. Several observations should be made, as a' rule, and 
the mean reading taken. 

It is to be borne in mind that the method is in- 
applicable if the urine contains lsevo-rotatory sub- 
stances such as 'protein , lsevulose, /5?~oxybutyric acid, 
and the compound glycuronates. Naturally also the 
dextro-rotatory substance should be ascertained to be 
glucose. Protein may be removed by heating with 
a little acetic acid or treating with lead acetate, as 
mentioned above. 

Apart from this, the method is simple and suffi- 
ciently exact for clinical purposes. 

vi. Fermentation method. — An approximate esti- 
mate of the amount of sugar present may be arrived at 
by noting the change in specific gravity that follows 
fermentation. The specific gravity of the urine is 
taken before and after fermentation with yeast for 
twenty-four hours. Every degree of specific gravity 
lost represents 1 gr. of sugar per ounce of urine. 

In an ordinary case of diabetes, 3 litres or so (about 
pints) of urine will be passed daily, containing on 
an average 100 grm. of glucose (3-4 per cent.). 

In recording the amount of sugar passed in a case of 
diabetes it is better to make an accurate estimation 
every third day, or even once a week, rather than a 
hurried and unreliable calculation every day. 

Xjactosuria. — Lactose is sometimes found in 
appreciable quantity in the urine of women who are 
nursing. It reduces Eehling’s solution, and gives with 
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the phenyl-hydrazin test yellow rosettes of phenyl- 
lactosazone which are smaller than the sheaves yielded 
by glucose, but it gives no reaction with the fermenta- 
tion test. It may be, estimated by titration with 
Fehling’s solution, it being remembered that the 
reducing power of lactose is to that of glucose as 7 is 
tp 10 ; i.e. if 7 parts of glucose reduce a given quan- 
tity of Fehling* it will require 10 of lactose to effect 
the same result. 

Pentosuria. — This rare condition consists in the 
presence in the urine of pentoses, i.e. carbohydrates 
containing only 5 atoms of carbon. They have the 
general formula C 5 H 10 O 5 . The pentoses do not exist 
free in nature, but can be obtained easily by hydro- 
lytic decomposition of complex carbohydrates belong- 
ing to the gum class, present in many fruits (e.g. 
cherries). They are distinguished from the hexoses, 
such as glucose, in not furnishing lsevulinic acid in 
decomposition with sulphuric acid or HC1 ; when 
gently heated with phloroglucin and HC1 they give a 
cherry-red reaction ; with orcin and HC1 a green 
colour, changing to greenish-blue precipitate. 

They furnish osazones (M.P. 156-160), are not fer- 
mentable, and, on distillation with HC1, furfurol is 
given off. 

They are optically active, and reduce Fehling’s and 
Nylander’s solutions. * 

The best test for pentoses is with Bial’s reagent (1 grm. of 
orcin, 500 c„c. of HG1, specific gravity 1151, 25 drops of 10-per- 
cent. solution of ferric chloride). Boil 5 c.c. of this reagent in a 
test tube, remove from flame, add 5 drops of urine. A green 
ring at junction is diagnostic of pentoses. Glycuronic acid and 
compound glycuronates (p. 373) give the tests for pentoses, in- 
cluding Bial’s, but there is no risk of confusion if the test tube 
, be first removed from the flame , 

Pentoses occasionally occur in diabetic (hexose) 
- urine. They are also present after the ingestion of 
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certain fruits (cherries, grapes, plums). But their 
chief interest is in the connection with so-called 
' tf pentosuria/ 9 a rare anomaly of metabolism not 
necessarily attended by morbid symptoms, probably 
harmless and needing no treatment. 

(4) BILE IN THE URINE 

Both bile pigment and bile acids may be present. 
Usually they occur together, but the pigment much 
more abundantly than the acids. The usual cause of 
the entrance of the bile constituents into the urine is 
some obstruction in the bile-passages. As long as the 
urine is fresh, bilirubin is the form qf bile pigment 
always found in it. After it has stood for some time, 
biliverdin is apt to be formed as the result of oxidation. 

Urine which contains bile is greenish or brownish- 
yellow in colour, and somewhat more viscid than 
normal, so that the froth which forms on the top after 
shaking is unusually permanent. Salol urine may 
closely resemble urine which contains bile, but the 
froth in the latter case is also greenish ; in salol urine 
it is not. 

Tests for bile pigment. Gmelin’s test.— Place 
some of the urine in a conical glass, and run a little impure 
nitric acid down the side so as to form a layer at the bottom. 
Oxidation of the bile pigment occurs, the most highly oxidized 
product (choletelin) forming a yellowish-red ring nearest the 
acid. Above this is a reddish ric^, then violet (bilicyanin), and 
highest of all, green (biliverdin). Of these rings the green Js 
alone characteristic of bile ; all the others may be yielded by 
urinary indigogens. 

The test, as thus carried out, is not very sensitive, 
and may fail even when 5 per cent, of bile is present. 
The sensitiveness of the reaction can be increased by 
filtering the urine repeatedly through an ordinary 
filter-paper. The latter becomes impregnated with 
the bile pigment, and if a drop of impure nitric 
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acid be placed upon it a play of colours can easily 
be seen. 

The following modifications of it are mucb more 
delicate, and should alVays be employed in doubtful 
cases. They will reveal the presence of 0-2 per cent, 
of bile. 

i. To 50 c.c. of urine add 5 c.c. of 10-per-cent, barium 
chloride solution and 5 c.c. of chloroform. Shake for several 
minutes. Set asido for ten minutes. The chloroform and pre- 
cipitate of phosphates fall down, carrying with them any bile 
pigment. If there is still any of the precipitate suspended, 
move the jar gently to and fro for a little, when it will settle 
down. Now draw off the chloroform and precipitate with a 
pipette ; if somemrine is removed at the same time, no matter. 
Place in a flat dish, and set the latter over a basin of hot water 
till all the chloroform has evaporated. Allow to cool, and 
pour off any fluid from the precipitate. ’ The latter will be 
yellowish. Place impure nitric acid in drops here and there 
on the surface of the precipitate. If bile pigment be present, 
a play of colours appears round each drop. 

ii. Render 10 c.c. of the urine alkaline with caustic soda, 
and add a little 10 per cent, of calcium chloride solution. 
Collect and wash the precipitate, and place it along with the 
filter-paper in a small porcelain dish. Pour on it 10 c.c. of 
acid alcohol (5 c.c. of strong HC1 to 100 c.c. of alcohol). 
Ileat the yellowish solution in a test tube. If bile be present, 
it becomes green or bluish. 

Iodine te$t. — If a 10-per-cent, alcoholic solution of iodine 
is poured on the top of the urine in a test tube an emerald- 
green layer appears where the two fluids join, if bile be present. 

Tests for bile acids. — Pettenkofer’s test for 
bile acids is inapplicable in the case of urine, for 
even normal urine gives, with strong sulphuric acid, a 
purplish colour which might be mistaken for a positive 
reaction. 

The simplest test is Hay’s sulphur test. 

_ Sprinkle some powdered sulphur upon the surface of the 
urine. If bile salts be present it will sink.; with normal urine 
it floats. This test depends upon the fact that bile salts 
lower the surface tension of fluids in which they are dissolved. 
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Oliver has proposed the following test. It depends 
upon the power of bile acids to precipitate peptone 
in acid solution. The peptone solution is prepared as 
in the Appendix (16). 

Oliver's test. — Filter the urine until quite clear, acidify 
it if necessary, and dilute it till the specific gravity is less than 
1008. Take 60 minims of the solution in a test tube and add 
to it 20 minims of the urine. If bile acids be present a decided 
milkiness appears at once, and is dense in proportion to the 
amount of acids. It may disappear on agitation, but reap- 
pears on adding more of the solution. The test is extremely 
delicate, and nothing as yet found in the urine interferes 
with it. 


(5) PUS IN THE URINE (PYURIA) 

The naked-eye characters of a urine which contains 
pus have already been described (p. 320). On chemical 
examination such a urine is, of course, always albu- 
minous. It is often difficult -to decide, just as it is in 
hsematuria, whether all the albumin is accounted for 
by the pus alone or whether there is true albuminuria 
in addition. Reinecke has proposed the following 
method for enabling one to form a conclusion in this 
matter. He shakes up the urine of twenty-four hours 
thoroughly, so as to diffuse the pus evenly through it. 
He then counts the pus cells present, by means of a 
hsemocytometer, just as in the method for estimating 
the red blood-corpuscles in* the blood, only without 
previous dilution. He finds that 100,000 pus cells per 
cubic millimetre should correspond to 1 per cent, of 
albumin (Esbach). If there be more albumin than 
this with that number of corpuscles, then albumin- 
uria is present in addition to pyuria. Obviously, the 
method can only afford approximate indications. 
Moreover, it is inapplicable if the urine be ammoni- 
acal, or if it contain much mucus. It should be 
added that if the number of pus cells exceeds 3,000 
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per cubic millimetre, the urine should be diluted 
with 1-per-cent, salt solution prior to counting. 

Tests for pus* — As already mentioned, urines which 
contain pus give, on the ‘addition of guaiac alone, a green 
colour, which, however, disappears upon heating. 

If caustic potash be added to the deposit of pus, a„ropy, J 
gelatinous mass results. For the microscopical recognition of 
pus in the urine, See p. 387. 

(6) SOME RARER ABNORMAL CONSTITUENTS OF URINE 

i. Urinary itidigogens. — We have seen (p. 
327) that indol is excreted in the urine in the form 
of potassium indoxyl sulphate — the so-called a in- 
dicant Small quantities of potassium skatoxyl sul- 
phate, derived from skatol, are also to be found in 
human urine. On oxidation these compounds yield 
coloured substances, indigo blue and indigo red. 
Hence they are called urinary indigogens. To detect 
their presence one oxidizes them in one of these ways : 

(a) Remove albumin, if present, by boiling. Add to some 
of the urine in a test tube an equal quantity of hydrochloric 
acid and a few drops of nitric acid, and boil. Cool and shake 
up with a little chloroform. The chloroform dissolves out the 
products of oxidation and becomes of a violet tint from the 
mixture of indigo blue and indigo red, if excess of indigogens 
be present. The presence of iodides in the urine must bo ex- 
cluded before applying this test. 

( b ) Mix 5 c.c. of urine with an equal volume of strong HC1 
containing 0*4 per cent, ferric'chloride (Obermayer’s reagent). 
Add 3 c.c. of chloroform and shake well. On settling, the 
chloroform becomes tinged blue if indican be present. 

This test may be used roughly as a quantitative 
one, judging the amount of indican by the intensity 
of the blue colour produced. It is always to be 
borne in mind, however, that this is liable to the 
fallacy that indigo red may also be produced, and 
thus the intensity of the colour be misleading. 

Traces of the indigogens are normally present in 
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the urine. The reddish-yellow transparent ring which 
appears above a layer of nitric acid when the latter 
is added to the urine is due to their partial oxidation.* 
They are increased in all conditions associated with 
excessive putrefaction. Hence they are much in- 
creased whenever the intestinal contents are unduly 
retained, e.g. in chronic constipation# and intestinal- 
obstruction. They are also increased in some fevers. 

ii. Acetone. — Hydroxybutyric acid, aceto-acetic 
acid, and acetone may all occur in the urine. The 
relationship between the three may be seen from the 
following formulae : — 

^-hydroxybutyric acid = CH 3 CH(OH)CH 2 COOH. 

Aceto-acetic acid = CH 3 CO, CH 2 COOH. 

Acetone » CH 3 , CO, CH 3 . 

/3-hydroxybutyric acid is formed first, probably, 
by destruction of proteins ; it then becomes oxidized, 
yielding aceto-acetic acid, 

CH 3 CH(OH)CH 2 COOH + 0 = CH 3 COCH 2 COOH + H 2 0, 

The aceto-acetic acid is very easily decomposed 
into acetone and C0 2 , 

CH 3 COCH 2 COOH » CH 3 COCH 3 + C0 2 . 

Only acetoracetic acid and acetone require to be 
detected in the urine. Hydroxybutyric acid always 
occurs along with the first of these. 

Test for aceto*acetic ackf. — The urine must be fresh 
and unboiled, as the acid readily decomposes. Take some 
urine in a test tube, drop in a solution of perchloride of iron, 
diluted until it is of a pale sherry colour, as long as a pre- 
cipitate of phosphate of iron falls. Filter, and add to the fil- 
trate another drop or two of the iron solution. The solution 
becomes claret- coloured if aceto-acetic acid be present. On 
boiling the urine the colour disappears. 

* In part also the reddish colour so obtained is due to the pig- 
ment urorosein, which is produced from its chromogen by the 
action of mineral acids. Its clinical significance is unknown, hut 
it is often met with in the urine of chlorotic patients, and is 
probably of intestinal origin. 
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Antipyrin, salol, salicylates, carbolic acid, and some 
other drugs give a similar colour with perchloride of 
iron, but it is not affected by heat. 

- Tests for acetone.—Urine containing acetone has 
a peculiar fruity odour. It reduces Fehling’s solution. 
A test for its presence is based upon its ready con- 
version into iodoform : — 

C 3 H 6 0 + 4KOH + 3I 2 = 3KI + KC 2 H 3 0 2 
+ CHI 3 (Iodoform) + 3H 2 0. 

^ To 1 in. of the urine add 5 drops of 10-per-cent, caustic soda 
dr potash. Heat gently. Then drop in a saturated solution 
of iodine in potassium iodide until the liquid has a yellowish- 
brown colour. Then add a little more caustic potash or soda. 
Iodoform appears as a yellowish turbidity, which settles down 
into a crystalline precipitate. It may be recognized by its 
odour. Under the microscope ft consists of hexagonal plates 
often gathered into stars. 

Another test for acetone consists in adding to the urine a 
few drops of freshly prepared sodium nitro-prusside solution, 
ammonia till alkaline, and saturating the liquid with crystals 
of ammonium sulphate. A deep-violet colour similar to 
potassium permanganate solution develops in from one to 
fifteen minutes (Rothera’s test). 

t' If only traces of acetone be present, it is better to 
distil the urine after the addition of a little phosphoric 
acid, and test the distillate as above. 

Acetone and the substances from which it is derived 
are especially apt to appear in the urine in cases of 
diabetes, and are to be regarded as of grave import, 
their appearance being often followed or accompanied 
by the development of coma. They are also found in 
some fevers and in the condition termed “ acidosis.” 

iii. Olycuronic acid (C 6 H 10 O 7 ) is probably de- 
rived in the body from dextrose. Mere traces of it 
exist in combination in normal urine. It is very prone 
to form ethereal or glucosidal compounds if suitable 
substances are introduced into the circulation. Hence 
it appears in the urine in considerable quantity, in 
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paired combination with aromatic substances, etc., 
after the administration of such drugs as chloral, 
benzoic acid, chloroform, morphia, etc. This circum- 
stance gave rise to the old belief that such drugs pro- 
duce glycosuria ; in reality the substance which is ex- 
creted after their use is glycuronic acid, not glucose. 

Occasionally glycuronic acid oceurr spontaneously 
in the urine. It is then very apt to be mistaken for 
glucose. The error is a serious one, for the patho- 
logical significance of glycuronic acid in the urine is 
much less grave than that of glucose. Glycuronic acid 
reduces Fehling’s solution, and gives a yellow crystal- 
line precipitate with the phenyl- hydrazm test. It can 
be best distinguished from glucose in the following 
ways : — 

(a) It does not ferment with yeast. 

(b) It gives a deep-red colour with phloroglucin 
and HC1. 

But ( c ) it does not reduce Rials reagent when the 
urine is added to the boiling reagent (cf. Pentoses, 
p. 367). 

iv. Cystin (C^HgNSO^a is sometimes found as a 
deposit in acid urines. It is recognized by its charac- 
teristic crystals (see Eig. 95, b , p. 383). It is soluble in 
alkalis ; hence the deposit disappears when the urine 
putrefies, an odour of sulphuretted hydrogen being 
evolved. If urine which contains it is boiled with a 
little caustic potash and acetate of lead, a black 
precipitate of sulphide of lead appears. 

Cystin is a product of protein metabolism, and is 
probably derived from cystein, the normal oxidation 
of which has somehow been interfered with. It is 
often associated with the appearance in the urine 
of diamines, such as cadaverin and putrescin. It is 
about twice as common in males as in females, and 
has rarely been observed after 50 years of age. It M 
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apt to occur in several members of the same family, 
and may appear either persistently or intermittently. 
It is of interest as being due to an inborn error of 
metabolism, but is of* little pathological significance, 
except from its tendency to form calculi. 

(7) DRUGS IN THE URINE 

Antipyrin. — After its use the urine may be red 
and dichroic, leading to the suspicion that blood is 
present. On adding a little dilute perchloride of iron 
a purplish-red colour develops, which persists on boil- 
ing, but disappears on adding an acid. Urines con- 
taining antipyrin produce a partial reduction of 
Eehling’s solution on boiling. 

Bromides.— Add a little hydrochloric acid and 
a few drops of a weak solution of bleaching powder, 
Shake with chloroform, and the latter becomes brown- 
ish-red from the solution of the free bromine. 

Carbolic acid (see also section on Colour of 
Urine, p. 317). — The best test for it is to add a little 
bromine water. The appearance of a whitish pre- 
cipitate (tribromophenol) indicates the presence of 
phenol. 

Chloral, chloroform, etc., lead to the appear- 
ance of giycuronic acid (p. 373). 

Iodides. — Acidify the urine with a little pure 
nitric acid, and shake up*with chloroform. The latter 
becomes of a rose-red colour. 

Iron. — Add a few drops of nitric acid. Boil, cool, 
and add a little 10-per-cent, ferrocyanide of potash. 
A precipitate of prussian blue forms if iron is 
present. 

Rhubarb and santonin have been referred to 
under Alterations in Colour of Urine (p. 316). 

Salicylates and salol appear in the urine as 
salicyluric acid. Such a urine gives a bluish-violet 
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colour on the addition of a little perchloride of iron ; 
it also partially reduces Eehling’s solution. 

Tannin gives a bluish-black colour with per- 
chloride of iron. ' T 

(8) cammidoe’s pancreatic reaction 

This test is believed by many, when taken in con- 
junction with clinical evidence and the results of a 
, chemical examination of the fseces, to be of help in 
the diagnosis of pancreatitis. It is carried out as 
follows : — 

A specimen of the twenty-four hours’ urine is filtered several 
times through the same filter-paper, and, if ^cid in reaction 
and free from protein and sugar, 2 c.c. of strong hydrochloric 
acid (specific gravity 1016) are mixed with 30 c.c. of the clear 
filtrate, and the mixture is gently boiled on the sand bath in a 
small flask having a long-stemmed funnel in the neck to act 
as a condenser. After ten minutes’ boiling the flask is well 
cooled in a stream of water and the contents made up to 
30 c.c. with cold distilled water. The excess of acid present is 
neutralized by slowly adding 8 grm. of lead carbonate. After 
standing for a few minutes to allow of the completion of the 
reaction, the flask is again cooled in running water and the 
contents filtered through a well-moistened close-grained filter- 
paper until a perfectly clear filtrate is secured. The filtrate 
is then well shaken with 4 grm. of powdered tribasic lead 
acetate and the resulting precipitate removed by filtration, a 
clear filtrate being obtained by repeating the filtration several 
times if necessary. Since the large amount of lead now in 
solution would interfere with the subsequent steps of the experi- 
ment, it is removed either by treatment with a stream of sul- 
phuretted hydrogen or, what is equally satisfactory and less 
disagreeable, by precipitating the lead as a sulphate. For this 
purpose the clear filtrate is well shaken with 2 grm. of finely 
powdered sodium sulphate, the mixture heated to the boiling- 
point, then cooled to as low a temperature as possible in a 
stream of cold water, and the white precipitate removed by 
careful filtration ; 10 c.c. of the perfectly clear transparent 
filtrate are made up to 18 c.c. with distilled water and added 
to O’ 8 grm. of phenyl-hydrazin hydrochlorate and 2 grm. of 
powdered sodium acetate contained in a small flask fitted 
with a funnel condenser. The mixture is boiled on a sand- 
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bath for ten minutes, then filtered hot through a filter-paper 
moistened with hot water into a test tube provided with a 
15 c.c. mark. Should the filtrate fail to reach the mark, it is 
made up to 15 c.c. with hot distilled water; but this is rarely 
necessary, as after a little’practice it is possible to regulate the 
boiling process so that the final result always comes out at 
between 15 and 16 c.c. 

In well-marked cases of pancreatic inflammation a 
light-yellow floccnlent precipitate should form in a 
few hours, but it may be necessary to leave the pre- 
paration to stand overnight before a deposit occurs. 
Under the microscope the precipitate is seen to con- 
sist of long, light-yellow, flexible, hair-like crystals, 
arranged in sheaves which, when irrigated with 33-per- 
cent. sulphuric acid, melt away and disappear in ten to 
fifteen seconds after the acid first touches them. The 
precipitate should always be examined microscopic- 
ally, as it may be difficult to determine the characters 
of a small deposit with the naked eye, and so cases 
giving only a slight reaction may be overlooked. To 
exclude traces of sugar, undetected by the preliminary 
reduction tests, a control experiment is carried out by 
treating 30 c.c. of the urine in the same way as in the 
test described, except for the addition of the hydro- 
chloric acid. 

(9) ehrlich’s diazo reaction in urine 

We shall first describe this test, and then state its 
significance. The reaction depends upon the fact that 
if sulphanilic acid (amino-sulpho -benzol) be acted upon 
by nitrous acid, diazo-sulpho-benzol is formed, which 
unites with certain aromatic compounds occasionally 
present in the urine to form aniline colours, 

Two solutions are necessary — (a) a saturated solution of 
sulphanilic acid in 5-per-cent, hydrochloric acid ; (6) a |-per- 
cent, solution of sodium nitrite. Both solutions should be as 
fresh as possible. 
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Add to some urine in a test tube an equal quantity of 
(a) ; then add three drops of (6), and shake till a froth forms. 
Render alkaline with ammonia. If the liquid becomes of a 
port- wine colour while the froth is also red, the reaction is 
positive. 

The test has the following significance : — 

i. If the urine of a supposed typhoid in the second 
or third week* fails to give the reaction, the diagnosis 
is probably wrong. In very mild cases, however, the 
reaction may be absent. 

ii. The reaction is present in measles, but not 
usually in German measles (rotheln). It is thus of 
value in distinguishing between the two.* 

iii. It is very constantly present in tuberculous 
disease which is advancing rapidly. 

III. MICROSCOPICAL EXAMINATION OF 
URINARY DEPOSITS 

The examination of deposits in urine and other 
fluids liable to decomposition is greatly facilitated by 
using a centrifuge. For ordinary clinical purposes, 
Beck’s is perhaps as convenient as any ; where a large 
number of examinations are undertaken it is better to 
employ one driven by electricity or water power. 

Unorganized Deposits 

The first group of urinary deposits includes the 
various salts and crystalline substances that are found 
in urine, either when freshly voided, or more often 
when it has stood for some time. The following occur 
in acid urine (Fig. 91). 

i. Uric acid. — This appears under a variety of 
forms, and, unless the urine is almost devoid of colour- 
ing matter, assumes a reddish-brown colour in conse- 
quence of its absorbing a considerable amount of 

* Dr. Lloyd Jones informs ns that he has found the reaction 
in not a few cases of German measles. 
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pigment. To the naked, eye the appearance resembles 
that of a shower of grains of cayenne pepper collected 
at the bottom of the specimen. Under the micro- 
scope the crystals are either rlfombic prisms or some 
modification of that form. Often the more obtuse 
angles are rounded off and the edges continued in 
curved lines, so that pointed oval shapes result. 
Numerous crystals may be joined together to pro- 
duce rosettes and other composite forms. Some of 
the more common are represented in the accom- 
panying figure (Fig. 92). 



Fig. 91.— Deposit in acid urine. 


2. Urate of soda occurs rather frequently in 
the urine of recently born infants, when it produces 
a yellow stain on the napkin. In adults it is found 
very seldom. The appearance presented under the 
microscope is that of spheres, either solitary or in 
clusters, having a more or less crystalline structure, 
and possessing numerous spines radiating from their 
surface (Fig. 93), 

3. Amorphous urates (MHU, H 2 U). — These 
are urates of potassium, sodium, and ammonium. 
They have a considerable affinity for the urinary pig- 
ments, and hence are generally more or less pink or 
brick-coloured. In very pale urines they are colour- 
less, and resemble rather closely a deposit of phos- 
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phates. Microscopically they consist of small granular 
particles, arranged in moss-like clumps. On heating 
a urine from which they have separated out, they 
will be found to redissolve before the boiling-point 
has been reached. 

Uric acid and urate of soda can be preserved in 
Canada balsanjj. — -the water being got rid of by passing 



Fig. 92. — Uric acid. ( Fi?ilayson , after Fanke .) 


them through alcohol, then letting a drop dry on the 
slide, and adding balsam in xylol. 

4. Hi pp uric acid appears in human urine 
chiefly after the administration of benzoic acid or its 
salts. It occurs as colourless four-sided prisms, insol- 
uble in hydrochloric acid, but soluble in ammonia. 

5. Oxalate of lime. — This deposit is rarely 
abundant. The small colourless crystals lying on the 
top of the mucous deposit that settles at the bottom 
of the urine glass give the impression of an undulating 
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snowy surface. They also adhere to irregularities on 
the surface of the glass, producing the appearance of 
scratches. Two forms are found under the micro- 
scop®. The first, which is 
by far the commoner, con- 
sists of small octahedral 
crystals. t When, as is 
generally the case, they 
are slightly flattened along 
one axis, they appear like 
squares crossed by two 
diagonal lines, or like long 
octahedra, according as the 
short axis lies in or per- 
pendicular to the line of 
, • i i . sight. The other form in 

which oxalates occur is that of minute dumb-bells 

fw V i? :)1 r Cll ^*' s ^ a P e ^ ^ scs * Some -writers consider 
that this form is not really due to oxalate, but to 



Fig. 93. — Urate of soda. 

{After Roberts.) 



Fig. 94.— Oxalate of lime. (After Finlayson.) 


carbonate of lime ; yet, though carbonates frequently 
nough assume this shape, there can be little doubt 
that under certain conditions oxalates do so too, For 
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permanent specimens octahedral oxalates are best 
mounted in glycerine jelly, dumb-bell oxalates in 
balsam (Fig. 94). 

6. Cystin is a rare deposit in human urine, but 
when it occurs the precipitate is often copious, and is 
not unlike a sediment of fawn-coloured urates. The 
addition of a fpw drops of acetic acid to a urine con- 
taining cystin in solution determines its precipita- 
tion. From urine it is deposited as hexagonal 
tablets, soluble in ammonia, and, when the ammonia 


a 5 c 



Fig. 95. — ci, Tyrosin crystals ; 6, cystin ; c, leucin. 


evaporates, recrystallizing as hexagons or prisms 
(Fig. 95, 5). 

7. Xantliin is of extremely rare occurrence ; the 
crystals are said to be similar to “ whetstone ” crystals 
of uric acid, but are soluble in ammonia, in warm 
hydrochloric acid, and in nitric acid. 

8. Tyrosin is generally found associated with 
leucin, but occurs independently also. It forms 
colourless sheaves of fine needle-like crystals. A 
similar appearance may be presented by several other 
deposits ; therefore, if there be any doubt as to the 
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nature of the sediment, a chemical analysis may be 
necessary (Eig. 95, a). 

9. liCiicin occurs in urine as yellow spherical 
masses without obvious crystalline structure. Leucin 
and tyrosin are found together in acute yellow atrophy 
of the liver (Fig. 95, c). 

In alkaline urine the following o<fccur : — 

1. Phosphates. — These may be salts of phos- 
phoric acid and calcium, or of phosphoric acid with 
ammonium and magnesium. 




Fig. 96.— -Stellar phosphates. (After Ftnlciyson.) 

(a) Phosphate of lime is found either in an amor- 
phous or in a crystalline form, the latter being also 
known as stellar phosphates (Fig. 96). 

Amorphous phosphate of lime occurs in small white 
granules, as a deposit at the bottom of alkaline urine. 
To the naked eye the sediment is white and floc- 
culent; unlike urates, it has no affinity for urinary 
pigment. The deposit is increased on heating. 

Stellar phosphates are rather uncommon. They 
consist of colourless prismatic crystals, which occur 
either singly or more often in radiating clusters. They 
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are found in very faintly acid as well as in neutral 
and alkaline urine. Eoberts is inclined to regard 
the presence of this deposit in abundance as an 
accompaniment of some grave disorder. 

(b) Ammonium magnesium, or 4 * triple ” phos« 
phate, is deposited in ammoniacal states of the urine. 
To the naked «ye the sediment appears very white, 
and when the crystals are large they may be visible 
as bright points. Sometimes the deposit also clings 




Fig. 97. — Triple phosphates. {After Finlay son .) 

to the sides of the glass and forms a film on the 
surface of the urine. 

The crystals are incomplete, triangular, colourless 
prisms, which may offer considerable variations in 
appearance, according to their length and degree 
of perfection. Often they are described as “ knife- 
rest ” or “ coffin-lid ” crystals. If the ammoniacal 
change is well marked, and still more if excess of 
ammonia is added to healthy urine, the deposit takes 
the form of feathery stars, and is then known as a pre- 
cipitate of <e feathery ” phosphates (Fig. 97). 

It is difficult to keep these crystals permanently, 
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but they may be preserved fairly well in a solution 
of ammonium chloride. 4 

2. Urate of ammonia (MHtJ) occurs in alka- 
line urine, and is very commonly present in cases of 
cystitis. Microscopically, it occurs in small spherical 
masses, which are practically indistinguishable in 
many instances from those of urate ^f soda, except 
that they are generally darker and more opaque, and, 

unlike the soda salt, are 
associated with crystals 
of triple phosphate. The 
spheres may have smooth 
surfaces, er they may be 
beset with innumerable 
spiny processes (Fig. 98). 

3. Carbonates gen- 
erally occur in human 
urine as granular par- 
ticles, which , dissolve in 
acetic acid with evolu- 
tion of C0 2 . As phos- 
phates give off no gas 

Fig. 98. — Deposit in alkaline fer- „ i , . • 

mentation of urine, showing urate ^ Solution 1U BCetlC 
of ammonia, triple phosphates, and add, ^ is quite eaSV 
Bacterium urece. X 200. ’ . . _ 1 J 

to distinguish between 
them. On rare occasions in human urine, and 
commonly in horses 5 urine, "carbonate of lime appears 
in the form of dumb-bells or of spheres with a 
radiating crystalline structure. 

A Cholesterm has occasionally been found in 
the urine ; it occurs in characteristic thin, rhomboidal, 
colourless plates, with a notch at one of the corners 
(see Fig. 141, p. 585). 

Other sediments, such as indigo, lime and magnesia 
soap crystals, and hsematoidin, have been observed, 
but axe of little importance. 
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' Organized Deposits 

1. Red blood-corpuscles are present in cases 
of hsematuria, but uncter certain conditions are rapidly 
disintegrated, and should therefore be examined for in 
recently voided urine. According to the density of 
the urine they appear fairly normal, or swollen, or 
shrunken and crenated. 

2. leucocytes and pus corpuscles occur 
where there is irritation and suppuration of the 
urinary tract. According to the length of time which 
has elapsed, the cells may be indistinguishable from 
ordinary leucocytes, or they may be very granular 
and fatty. The addition of acetic acid clears up the 
cell body and brings two or three nuclei into view. 
Where pus is present, examine carefully for pathogenic 
microbes, especially for gonococci and tubercle bacilli. 

3. In cases of chyluria the urine contains nucle- 
ated granular corpuscles similar to leucocytes, and 
very finely divided fatty material, which appears 
simply granular under the microscope. A few red 
blood-corpuscles are often present. The urine and 
blood should be carefully examined for the presence 
of filaiise, particularly if the patient comes from a 
district where these parasites exist. 

In llpurla the fat may occur in larger globules 
which refract light strongly, and which are sometimes 
free in the fluid, at other times enclosed in cells or 
tube casts. 

It must not be forgotten that fatty matter may 
reach the urine unintentionally from an oiled catheter, 
or may be added purposely in the form of milk by a 
patient who wishes to deceive the physician. 

4. 'Epithelium from various parts of the urin- 
ary tract may be found in the urine. The following 
varieties are readily recognized : — 
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(a) Renal epithelium . This is polygonal, nucleated, 
and rather larger than a leucocyte. It may present 
fatty degeneration, or be more or less disintegrated 
(Fig. 99). 

(5) Epithelium from the bladder and urinary pas- 
sages presents various appearances, according to 
whether it is derived from the more superficial or the 



deeper layers. Formerly, tailed cells were thought to 
indicate implication of the pelvis of the kidney ; this 
is, however, inaccurate. They may equally well pro- 
ceed from the deeper layers of the bladder epithelium, 
as may be seen from the accompanying diagram 
(Fig. 100). 

(c) Vaginal epithelium is very commonly present 
in the urine of women. It is squamous, and the large 
cells appear sometimes singly, at other times in groups. 

5. Spermatozoa occur at times in the urine. 



Fig. 100.— Epithelial cells from the urinary passages. (From Said l’ s 
“ Klinische Untermcliun<js-MetliQden after Lizzoze.ro.) 

a, cells of the^deepest layer; 6, long- cells of the second layer: c, ‘‘tailed” 
cells: d, flat cells of superficial layer; e, f, g, cells of superficial layer In 
surface view, with nuclei and indentations; h, i, k, h epithelium from 
bladder, altered by action of urine ; »«, cells from male urethra, 

6. Prostatic threads are found when there Is 
chronic inflammation of the prostate, especially after 
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gonorrhoea. They consist of mucus, and are mostly 
voided with the first portions of the urine. They are 
much larger than tube casts, being visible readily 
enough to the naked eye as they float in the urine or 
on its surface. 

7. Tube casts (Figs. 101, 102, 103). — The follow- 



Fig. 101.— -Tube casts. {After Roberts.) 
a, epithelial ; b, granular. X 230, 

ing classification, which is more satisfactory than 
those usually adopted, is given by Senator: — 
There are three main groups of tube casts : — 

i. Casts wholly or mostly composed of cellular 

structures. 

ii. Granular casts. 

iii. Amorphous casts, having a homogeneous 

structure, and occasionally striated on 
the surface. 
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i. Cellular. — The cells may he epithelial or com- 
posed of red blood-corpuscles or leucocytes. 

(a) Epithelial . — The casts may be completely 
covered with epithelial cells, as though the whole 
epithelium had scaled off a tubule, or the cells may 
have been separately detached and subsequently 



a, fatty casts ; &, c, blood casts ; d, free fatty molecules, x 2 . '40. 

moulded. The cells may or may not show a nucleus, 
and they may appear fresh, or affected by granular or 
fatty degeneration. 

(b) The red blood-corpuscle casts exhibit a surface 
thickly Covered with the minute round corpuscles. 

(c) Leucocytes rarely form casts by themselves, 
but are fairly often found adhering to the surface of 
other casts. 

ii. Granular.*— The granules are sometimes coarse, 
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at other times fine. They are sometimes fatty, at 
other times they result from granular degeneration 
of protoplasm. They represent in some instances the 
relics of broken-down epithelium, in other cases they 
result from a granular change occurring in old amor- 
phous tube casts. 



iii. Amorphous. — This g]joup contains two varie- 
ties, the hyaline and the waxy. 

(a) Hyaline tube casts are pale, transparent, and 
homogeneous. Occasionally the surface is striated. 
They may be almost invisible, but are rendered more 
prominent by the addition of iodine solution. Their 
origin has been variously accounted for. Senator 
believes that in nearly all cases they are derived from 
epithelium which has undergone hyaline degeneration, 
or has yielded a secretion that is coagulable. 
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(b) Waxy casts are broader and more highly re- 
tractile than hyaline. Often they are more or less 
fissured. Possibly they may be formed from other 
casts which have remained long in the urinary tubules ; 
they are not symptomatic of waxy disease of the kid- 
ney. Sometimes they give the amyloid reaction with 
iodine and sulphuric acid and with methyl violet. 

Transition forms between the various groups are 
not uncommon ; often, for instance, a cast is partly 
epithelial and partly hyaline. 

A tube cast frequently picks up adventitious 
elements from the urine, and thus comes to contain 
bacteria, or crystals such as oxalate of lime. 

In length, tube casts are very variable ; occasion- 
ally they approach 1 mm. in length. One end may 
be spirally twisted, or in rare cases bifurcated. For- 
merly tube casts were called “ fibrin cylinders,” but 
now it is proved that fibrin rarely or never enters 
into their composition, the only exception being that 
in the case of red blood-corpuscle casts the blood 
discs may be bound together by a little fibrin. 

It appears that tube casts, including their matrix, are 
essentially products of the cells which line the kidney tubules, 
and that the relative proportion of epithelial, granular, and 
hyaline casts is greatly influenced by the reaction and constitu- 
tion of the fluid which bathes them. An acid urine yields, as 
a rule, granular casts, but, if the acidity is very high, casts 
which appear hyaline. An alkaline urine renders the majority 
of the casts hyaline. On the other hand, the salts of the urine, 
apparently by precipitating colloid material, tend to preserve 
the granular aspect of the casts, and to make them smaller by 
causing the colloid material to lose water.* 

Structures called cylindroids have been described 
by Thomas and others. They resemble extremely 
long and narrow tube casts, but are usually consider- 
ably flattened. Some observers regard their presence 

* Fischer, “ Nephritis,” p. 84 et scq. New York, 1912. 
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as quite immaterial, others looking on them with con- 
siderable suspicion as being nearly related, both in 
origin and clinical import, to tube casts. 

Not to be confounded with either tube casts or 
cylindroids are the small strings of mucus which 
occasionally are present in a urinary sediment. Small 
clumps of micrococci and short so-called “ 4 prostatic 
threads 55 are also liable to be misinterpreted by an 
inexperienced observer. When there is reasonable 
cause for doubt, the addition of acetic acid or some 
other reagent will often settle the question. 

To preserve tube casts permanently for examin- 
ation, the writers have found the following methods 
the most serviceable : — 

(a) Collect some of the sediment containing the casts, wash 
rapidly in water, and drop into a conical glass containing 
picrocarmine stain. When the sediment has collected at the 
foot of the glass, which will have occurred in twelve hours or 
so, wash the deposit once more in water, and drop it into a 
small quantity of Farrant’s medium in a conical glass. It will 
gradually sink in this, and, after a day or two, samples can be 
removed from the foot of the fluid, and be permanently 
mounted in some of the fluid from which they have been 
withdrawn. 

(b) Harris proposes the following method : — 

Let urine stand for twelve hours, then remove deposit, and 

place in a pipette whose upper end is closed by a rubber stopper. 
The pipette should contain the following preservative fluid : — 
Pot. acetate . . e .60 grm. 

Chloroform 10 c.c. 

Distilled water .... 1,000 c.c. 

When the sediment has sunk through the fluid it may be 
transferred to a slide along with a drop of the preservative, 
and permanently sealed there. Specimens keep fairly well. 

(c) Boston’s method is as follows : — 

Collect some of the precipitate, wash it at least once with 
water to which a few drops of chloroform have been added, 
place a drop of the washed precipitate on a slide and examine 
under the microscope. If casts are present, evaporate the drop 
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nearly to dryness, add a drop of the mounting medium to the 
» centre of the drop of urine, mix gently with a fine needle 
(avoiding the introduction of bubbles), moisten a cover-glass 
' with the breath and allow it to fall gently on the specimen, lay 
aside for a few hours to harden, and then ring with zinc white. 

The mounting medium is prepared as follows : — 

Liquor arsenicalis . . . . . §i. 

Ac. salicyl gr. 

Glycerine * . . . . . . 3*** * 

Warm slightly and add tears of gum acacia to saturation, then 
decant the clear supernatant fluid. A drop of formalin may 
be added if necessary. Specimens prepared by this method 
keep good for years. 

The use of a centrifuge is of great value for securing 
tube casts in perfectly fresh urine, and for washing 
them rapidly in water prior to preserving them. 

8. Tumours of the bladder, especially when villous, 
may often be detected by the presence of fragments 
of the growth in the urine. These show a core of 
connective tissue with its blood-vessels, coated with 
several layers of nucleated epithelial cells. In can- 
cerous tumours, though their debris is commonly 
enough present, yet nothing at all so characteristic is 
to be seen as is found in the papillomata. 

> 9. Clastic fibres are often present in cases of 
ulceration of the bladder. They may be detected 
either without special treatment, or after the use of 
caustic soda (as was described in Chap. VI.), pre- 
ceded by a preliminary filtration of the yet acid urine 
to remove the phosphates, which would otherwise be 
precipitated copiously when an alkali was added. 

Senator enumerates the following parasites 
of the urinary tract : Echinococcus, Cysticercus cel- 
lulosse, Eustrongylus gigas, Distoma (or Bilharzia) 
hsematobium, Eilaria sanguinis hominis, Nephrophages 
sanguinarius (a member of the arthropoda related to 
the acari), rhabditis (sp. ?), and certain psorosperms. 
Several of these are so rare as to be of no practical 
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importance ; echinococcus, cysticercus, and filaria 
having been described elsewhere,* Distoma haemato- 
bium alone needs to be referred to here. 

D. hcematobium. — The ova measure 0*12 mm. by 
0-04. A spine projects at one pole or at a little dis- 
tance from it. In urine the spine is usually situated at 
the pole ; the form with a lateral spiire predominates 
in ova obtained from the rectum (Fig. 104). 



co 

Fig. 104.— Ova of Bilharzia haematobium in urine. ( After Roberts.) 
a, x so, in imicus ; b, x 100, in urine freshly voided. 

The adult male bilharzia is thicker and shorter 
than the female, and is provided on the ventral sur- 
face with a gynsephoric canal. The female is cylin- 
drical and worm-like. Thef male measures 12 mm., 
the female about 16 mm., in length. Their habitat is 
in the blood-vessels of the portal system and in the 
venous plexuses of the bladder and rectum. The ova 
escape from the blood-vessels into the tissues of the 
body. Those which reach the rectum and bladder are 
discharged, and enable a diagnosis to be made. The 
parasite is very common in Egypt. 

After the urine has been voided for some time, it 
: * Pp. 108 and 233. 
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.becomes contaminated by numerous non-pathogenic 
fungi and infusoria ; but several pathogenic bacteria 
occur in the urinary tract, and in cases of doubt should 
always be sought for. The chief of these are the gono- 
coccus, the tubercle bacillus, which must not be mis- 
taken for the morphologically similar smegma bacillus, 
and the Bacillus coli communis.* 

In cases of cystitis a great variety of bacteria may 
occur. Actinomyces, though rarely present in the 
kidney, has been found there. 

Foreign bodies often occur in urine which 
has been set aside for examination. Besides hairs, 
feathers, motbrwing scales, cotton, woollen, and silk 
fibres, starch grains derived from dusting powders 
(readily recognized by their turning blue on the addi- 
tion of a little dilute tincture of iodine), and, more con- 
fusing than any of these, pinewood dust swept from 
the floor, one occasionally finds fragments of the 
contents of dermoid tumours or abscesses that have 
opened into the bladder or ureter. Small shreds of 
striped muscle may in rare instances be voided with 
the urine, and are derived, in some cases at least, from 
a sloughing psoas abscess. 

It may happen also that the patient has been sick, 
and sputum or vomited matter may be more or less 
abundantly mixed with the urine. 

* For further information see Chap. XIY., pp. 604 and 615. 



CHAPTER VIII 
THE SKIN 

For the examination of the skin and its appendages 
the patient should be stripped as completely as cir- 
cumstances permit and placed in a good light. 

One should first note the colour of the skin as a 
whole. ^ In anaemia the skin is pale ; in chlorosis it has 
a greenish tint ; in pernicious anaemia it is. lemon- 
yellow. In order to distinguish the yellowness of per- 
nicious anaemia from jaundice, look at the conjunctiva 
The best way to do that is to place one hand on the 
patient’s forehead, ask him to look at the ground and 
then raise the upper eyelid with the thumb. In jaun- 
dice the conjunctiva is seen to be yellow where it 
covers the sclerotic ; in anaemia it is white. In judg- 
ing of the degree of anaemia, one should be guided 
more by the colour of the mucous membranes than by 
that of the skin itself. The conjunctiva lining the 
lower eyelid is usually taken as an index. It i s 
easily seen by getting the patient to look up while one 
depresses the lower lid with one finger. Instead of 
being pale, the skin may be abnormally red or flushed. 
The flushing may be general or local. Its exact extent 
should always be noted, and whether or not it fades on 
pressure. The best way of telling whether any red- 
ness of the skin fades on pressure, or not, is to place 
a lens on the skin and press it down. It will then 
be seen whether or not the skin becomes pale under 
the lens. 

The term tache cerebrale is applied to the red 
flush which appears in some cases of intracranial 

898 
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disease when the skin is stimulated. To elicit its pre- 
sence, draw the finger-nail firmly across the patient’s 
forehead. A red line soon develops along the track 
of the nail, and persists for some time. It is due to 
a disordered vaso-motor supply, but is found in other 
conditions besides those of cerebral irritation, and is 
therefore not ©f much diagnostic value. 

Taches bleuatres are steel-blue spots, which may 
occur in large numbers, usually on the trunk and 
thighs. They are deeply placed in the skin, irregular 
in outline, and without diagnostic significance. They 
are probably always associated with the presence of 
pediculi. 

Rarer alterations in colour of the skin are those 
due to the taking of nitrate of silver and those which 
occur in Addison’s disease. The former constitutes 
what is known as argyria. It consists in a leaden-grey 
hue of the whole skin, which is unaffected by pressure. 
The pigmentation of Addison’s disease consists in a 
bronzing, which appears first on parts in contact with 
the air, and next on those which are exposed to pres- 
sure. It is made up of small brownish spots, which 
fade off at their margins into healthy skin. The lips 
and buccal mucous membrane should always be ex- 
amined in cases of supposed bronzing. In Addison’s 
disease they often exhibit marks of pigmentation of a 
dark bluish-black colour which have been compared 
to the stains produced by sucking a pen. Diffuse 
pigmentation of the skin is also a common occurrence 
in pregnancy (chloasma), and in many cases of pul- 
monary tuberculosis, and also after the prolonged 
administration of arsenic. 

^ Having noted any alteration in the colour of the 
skin, one should look for the presence of any erup- 
tion. If any such be % observed, the patient should 
be questioned about it on the lines laid down on p. 10. 
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The exact situation and extent of the eruption should 
be noted, and whether it is symmetrical or confined 
to one side only. These general facts having been 
noted, one should pass to a description of the minute 
characters of the eruption. In order to do this, it 
must be borne in mind that every cutaneous eruption 
consists of a primary lesion, to which secondary 
lesions may or may not be superadded. The follow- 
ing is a description of the different primary lesions 
which may be met with : — 

1. Macules or spots. — Any abnormal change in the 
colour of the skin confined to a limited area. Always 
note whether or not they fade on pressure. The spots 
of typhoid fever, for example, fade on pressure, whilst 
those due to haemorrhages into the skin, as in the 
bites of fleas, do not. 

2. Papules. — Solid projections above the surface 

which are not larger than a pea. The term tubercle 
or nodule is applied to any solid projection from the 
skin which is larger than a pea, but not larger than a 
cherry. Anything larger than that is called a tumour. 
Always note whether the top of a papule is rounded' 1 
as in some forms of eczema, pointed as in acne, or 
flattened as in lichen. As regards the base, observe 
whether it infiltrates the skin widely or not. The 
wider the infiltration, the more extensive and severe 
the inflammation. • 

3. Vesicles. — Elevations of the horny layer of the 
epidermis by transparent or milky fluid which are not 
larger than a pea. If larger than that they should be 
described as bull® or blebs. Always note whether or 
not there is an area of redness around the base of a 
vesicle, for such redness indicates that the vesicle is 
planted upon an inflamed base — a fact which may be 
of diagnostic value. 

4:. Pustules. — Small elevations of the skin con- 
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taining pus. Always observe whether there is much 
infiltration around them or not. 

5. Wheals. — Slightly elevated portions of skin, 
the centre of which is paler than the periphery. 

Having stated which of these primary lesions it is 
that composes the eruption, one should nest note 
whether the ksions are isolated (discrete), or whether 
they run together. It must also be remembered that 
an eruption may be made up of more than one kind 
of primary lesion. Thus, papules may be mingled 
with pustules, or pustules with vesicles, and so on. 

Nest look for secondary lesions. These are 
either produced mechanically, or are the result of 
changes which take place in the primary lesion in the 
course of its growth or decline. The commonest 
secondary lesions of mechanical production are excori- 
ations due to scratching, and fissures (rhagades) — 
deep cracks going down to or through the corium, and 
produced by the stretching of the skin after it has 
become inelastic owing to infiltration. Fissures are 
often very painful. 

The following are the secondary lesions produced 
by changes in those which are primary : — 

1. Desquamation. — If the primary lesion be a dry 

one (macules or papules), a mere scaling off of epider- 
mic cells occurs, and the eruption is then said to be 
“ scaly” • 

In moist lesions (vesicles, pustules, bullae) the epi- 
dermic cells become glued together by the dried fluid, 
and a scab or crust forms. The scab may be serous, 
purulent, haemorrhagic, or sebaceous, according to the 
nature of the contents of the primary lesion, 

2. Infiltration may occur around the primary’ 
lesions, leading to the production of a leathery feeling 
in the skin. This is usually the result of prolonged 
chronic inflammation. 

2 A 



m 


THE SKIN 


[chap, 

3. Pigmentation may occur around the primary- 
lesions. This also is usually due to prolonged in- 
flammation. 

4. Ulceration. — Due to breaking down of the 
primary lesions and destruction of a part of the true 
skin. 

The points to note in describing m ulcer are (1) 
the nature of the floor of the ulcer and the granula- 
tions covering it ; (2) the character of the edge — 
smooth, raised, undermined, etc. ; (3) the discharge — 
whether serous, purulent, watery, fetid, etc, ; (4) the 
character of the surrounding skin, whether indurated, 
pigmented, etc. 

5. Scar formation. — This only occurs where the 
true skin has been involved, i.e. where there has been 
an ulcer. Describe the scar, noting especially whether 
it be thin or thick, freely movable or adherent to the 
deeper tissues, pale or livid, pitted or not, surrounded 
by a zone of pigmentation or not. 

Proceed now to the palpation of the sldn. Pass 
the hand gently over it, pinching it up between the 
forefinger and thumb, and note the following 
points : — 

Is it smooth or rough, thin or thick, dry or moist ? 
If there be any visible sweating, note whether it is 
general or local ; whether it is attended or not by 
any flushing of the skin ; • and whether the sweat 
has any particular odour. 

The elasticity of the skin should be investigated. 
If a fold of healthy skin be pinched up, it immediately 
flattens itself out again when released. Sometimes, 
however, it only does so very slowly, remaining for a 
considerable time in a creased condition. This indi- 
cates a diminished elasticity. It occurs not infre- 
quently in debilitated and in old persons. It may 
afso be often observed in babies exhausted fro#* 
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diarrhoea, and is then believed to indicate interfer- 
r ence with the renal functions. 

The condition of the. sub cutaneous tissue 
should also be investigated. It may be infiltrated 
with fluid (tedema), with solid material (as in myx- 
cedema), or with air (subcutaneous or surgical emphy- 
sema). The presence of oedema is usually recognized 
by the fact that if the skin be pressed with the finger, 
especially over a hard body such as a bone, a pit is 
left which persists for some little time. It must be 
borne in mind, however, that this is not an invariable 
guide. In some cases of oedema no pitting can be pro- 
duced. This is especially apt to be the case where the 
oedema is of very long standing. The best place to 
look for slight degrees of oedema in cardiac disease 
is behind the malleoli of the tibia and fibula. In 
chronic renal disease, oedema can often be earliest 
detected beneath the conjunctiva. This subcon- 
junctival oedema is seen by pushing up the lower lid 
over the sclerotic. A fittle drop of fluid resembling 
a tear is then squeezed up underneath the conjunctiva 
over the sclerotic. 

Subcutaneous emphysema gives rise on palpation 
to a crackling sensation, which has been compared to 
that which is experienced in handling a bag of feathers. 
It starts in, and is usually confined to, the neighbour- 
hood of the air-passages <x air-containing organs, and 
is due to the establishment of an abnormal communi- 
cation between such a passage or organ and the sub- 
cutaneous tissue. In rare cases it may be of bacterial 
origin. 

Microscopical examination of the skin and 
its appendages is confined to the diagnosis of some 
parasitic diseases, of which the following are the 
chief (Kgs. 105, 106) : — 

. 1* Scabies or itch, — This is due to the Acarm 
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(Sarcoptes) scabiei . The female acarus is larger than 
the male, and forms burrows in the skin, in which the 
eggs are deposited. These burrows should be looked 
for between the fingers and on the inner aspects of the 
wrists. They are recognized with the naked eye as 
little short dark lines terminating in a sort of shining 
spot of skin. The eggs lie in the dark line, the insect 
in the shining spot. It may be picked out by means 
of a flat surgical needle passed along the black line to 
the clear spot. The use of a lens aids the operation — 
which is by no means invariably successful — and per- 
mits of the recognition of the insect. The latter ma^ 
be placed on a slide under the microscope for more 
minute inspection (Fig. 105, e). 

2. Pediculosis. — Three varieties of pediculus 
occur — Pediculus capitis on the head, P. corporis on 
the trunk, P. pubis on the pubic and axillary hairs. 
The eggs or 4 4 nits ” of P. capitis are stuck on to the 
hairs (Fig. 105, V ). From their position on the hairs 
one can judge roughly of the duration of the condition, 
for they are fixed on at first near the root of the hair, 
and are then carried up with the latter in its growth. 
The higher up the nits are, therefore, the longer have 
pedicufi been present. P. corporis should be looked 
for in the seams of the clothes, especially where the 
latter come into close contact with the skin — e.g. over 
the shoulders. The bites® of the parasite produce 
haemorrhagic spots, each with a dark centre and a 
paler areola. Marks of scratching should always be 
looked for on parts accessible to the patient’s nails. 

The microscopic characters of the pediculi are 
shown in Fig. 105, and require no verbal description. 
It will be noticed that P. corporis is the longest and 
narrowest of the three, P. pubis is shortest and broad- 
est ; P. capitis is between the two in size. P. pubis is 
also distinguished from the others by being yellowish- 
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Fig. 105.— Animal parasites of the skin. 

a, '“flea; b, Pediculus capitis; ovum of ditto, witli embryo (“nit”); 
c, P. corporis ; d, P. pubis ; e, Acarus scabiei (female, male, ovum, larva); 
f, Demodex folliculorum. 
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brown in colour. P. capitis and P. corporis are both 
greyish in colour, though the latter varies consider- 
ably with the colour of the skin of its host. The 
shape of the thorax and abdomen forms a distin- 
guishing character between these varieties and P. 
pubis (Fig. 105, 6. c, d). 

3. King worm. — Investigation by Sabouraud 
and others has shown that two distinct classes of para- 
sites are capable of producing the appearances which 
are included under the name <e ringworm.” One of 
these is not a trichophyton. It goes by the name of 
Microsporon Audouini, and is the cause of the com- 
monest and most contagious and intractable form of 
the disease. Its operations are chiefly confined to the 
scalp, but 90 per cent, of all cases of ringworm in that 
situation are due to its presence. The other parasite 
belongs to the trichophyton family, but it is probable 
that there are several varieties of it, as there are also 
of the microsporon. It is the commonest producer of 
ringworm of the beard and skin (tinea barbse and tinea 
circinata), but only occurs in about 10 per cent, of the 
cases of ringworm of the scalp. It succumbs much 
more. readily under treatment than does the micro- 
sporon. The trichophyton may be situated mostly 
outside the hair (ectothrix or endo-ectoihrix) 7 or mainly 
in the hair substance (endothrix). Intermediate forms 
are also described. It is characterized microscopi- 
cally by having, as a rule, fairly large so-called spores, 
which are arranged in chains, and the joints of its 
mycelium are placed at regular intervals. The micro- 
sporon has, on the whole, small spores, which are 
scattered irregularly, and the joints of its mycelium 
are at unequal intervals (Fig. 106). 

A useful method of detecting hairs which are 
affected by ringworm consists in dabbing over the dis- 
eased patch with a piece of wool soaked in chloroform. 
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On evaporation of the latter, the affected hairs are 
whitened, and look as if covered with hoar-frost. They 
can thus readily be distinguished from healthy hairs 
of the same size by the aid of a lens. Hairs affected 
by favus are not similarly whitened by chloroform. 


Fig. 106. — Vegetable parasites of the skin. 

a, favus (Acliorion Schdnleinii), showing affected hail', x ?Q; &, favus 
(Acliorion SchOnleinii), showing fungus in a crust, x 290: c, ringworm 
(Microsporon Audoumi) in hair, surface view, with mosaic of spores, x 200; 
d, ringworm (Microsporon Audouini) in hair, optical section, with mycelium, 
x 200 ; e, ringworm (trichophyton) in hair, with spores arranged in chains 
(‘‘rosary” arrangement), x 200; /, Microsporon furfur (from pityriasis ver- 
sicolor), spores in clusters, x 250 ; g, trichophyton mycelium, from a 
culture, x 250. 

Microscopical examination. — If one is dealing 
with a patch of ringworm of the skin, it is sufficient 
to scrape off some of the scales with a blunt penknife, 
to place them in a drop of 10-per-cent, liquor potassse, 
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and coyer. The mycelium of the fungus will be recog- 
nized as branching, retractile threads, amid which the 
spores are scattered in groups or rows. 

If a hair be similarly exananed, it will be found 
to be broken up and full of spores- (Fig. 106, c). No 
mycelium can be seen. For diagnostic purposes, in 
simple cases a broken hair should be "extracted by 
broad-pointed forceps, traction being made in the axis 
of growth, so that the bulb may be obtained intact. 
It should be washed in ether, soaked for a quarter of 
an hour in liquor potassse, a drop of glycerine then run 
under the cover-slip, and the edge sealed down with 
melted paraffin. The spores will be seeSi in the sub- 
stance of the hair and in its sheath. Fatty particles 
are the only thing likely to be mistaken for them. A 
drop of ether will dissolve fat particles, but leaves the 
spores unaffected. Liquor potassse, however, causes 
the spores to swell. Its use should therefore be 
avoided if one wishes to distinguish the two varieties 
of fungus. For that purpose staining is of great help. 
It should be carried out as follows : — 

(1) Soak the hair for some minutes in ozonic ether to bleach 
it and to remove grease, and allow to dry on a slide. 

(2) Steep for ten to thirty minutes in a mixture of 10 
parts of a 5-per-cent, alcoholic solution of gentian violet and 
30 of aniline water (Appendix, 28). 

(3) Dry between blotting-paper, and steep in Gram’s solu- 
tion for five minutes. This fixes the stain. 

(4) Dry again, and soak for from ten minutes to some hours 
if necessary in pure aniline to which enough iodine has been 
added to give it a distinctly brown colour.* This decolorizes 
everything except the fungus, but the process should be con- 
trolled under the microscope. 

(5) Wash in pure aniline for a few seconds, then in xylol, 
and mount in balsam. 

Adamson’s method of differential staining is briefly 
as follows : — 

* Nitric acid may also be used as a deodorizer. 
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Place the hair in a drop of liquor potassje, and cover. After 
twenty minutes run in some 15-per-cent, alcohol (this hardens 
the hair). Remove the cover-glass, wash away any remaining 
liquor potassse with more alcohol, mop up the latter, and dry 
over a flame. Stain in aniline gentian violet for half an hour. 
Place in Gram for three minutes. Decolorize in aniline oil for 
half an hour. When the fungus is clearly visible, and the hair 
no longer much stained, remove the oil with blotting-paper. 
Add a drop of concentrated alcoholic eosin, wash off with 
aniline in a minute, wash off latter with xylol, and mount in 
xylol balsam. 

On examination with the high power the two 
varieties of fungus can be differentiated by the char- 
acters already described. It should be noted that the 
difference in size of the spores of the two varieties is 
really not very great after all. The arrangement of 
the spores and the character of the mycelium are the 
points to which attention should be directed. 

L Favus. — This disease, which is characterized 
to the naked eye by the production of yellow cup- 
shaped crusts or scutula , is caused by a parasite named, 
after its discoverer, the Achorion Schonleinii. The 
hair and accompanying crust may be examined in 
liquor potassse, some pressure being exerted on the 
cover-glass in order to flatten out the mass of epidermic 
scales by which the parasite is apt to be obscured. 
The hair will be found completely filled with mycelium, 
and the medullary canal^obliterated. The joints of 
the mycelium are branched, and often present a re- 
semblance in shape to metacarpal and metatarsal 
bones. The spores are rather large, and arranged in 
rows or groups (Fig. 106, a , b). 

5. Tinea versicolor, — This is produced by the 
Miorosforon furfur . A scraping should be examined 
in caustic potash. The. fungus shows a refractile 
mycelium which interlaces freely, and includes bunches 
of round spores in its meshes (Fig. 106, f). The spores 
may be stained with saffranin, differentiated by weak 
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acetic acid, and the mycelium counterstained with 
methylene blue. 

6. Bemodex follicnloruin (Kg. 106, f) is a 
minute acarus, about in. iriTength, which is some- 
times fo un d in the sebaceous contents of comedones. 
It has a disproportionately large abdomen marked 
with transverse rings which give it at' first sight the 
appearance of a minute worm. It possesses a suc- 
torial proboscis and styliform jaws, and from the 
thoracic portion of the body four pairs of stunted legs 
project. It is simply a parasite living in sebaceous 
matter, and is of no pathological importance. It 
stains an intense red by the Ziehl-Neblsen method, 
whilst the sebaceous debris of the follicle stains blue. 

7. Erythrasma. — This disease, which consists of 
brownish-yellow patches with slightly desquamating 
surface and well-defined margins, usually situated in 
the axillary or genital regions, is produced by the 
Microsporon minutissimum, a fungus which is made 
up of a network of extremely fine filaments irregularly 
segmented. It may be examined by the same method 
as the Microsporon furfur . 



CHAPTER IX 

THE NERVOUS SYSTEM 

/* 

I. ANATOMY AND PHYSIOLOGY OP THE 
NERVOUS • SYSTEM 

Much recent knowledge regarding the structure and 
mechanism of the central nervous system is still too 
unsettled to admit of being used at the bedside ; but 



Fig. 107.— Outer aspect of right hemisphere, showing convolutions. 

if the student wishes to investigate a case of nervous 
. disease intelligently he must first have a clear grasp 
of some well-established facts in the anatomy and 
physiology of the brain and spinal cord. A few 
paragraphs devoted to these subjects will therefore 
not be out of place. 

1. Anatomy and physiology of the motor 
and sensory paths. — The reader will remember 
that the motor area of the brain is situated in 
front of the fissure hi Rolando (Pigs. 107, 108), the leg 
411 
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centre being highest up, the arm centre next to it, 
and the centres for the face, lips, and tongue being 
lowest. For the more exact localization of the -various 
centres the figures in Plate 10 should be consulted. 

The motor fibres start from the pyramidal cells in 
the above convolutions, and pass in the white matter 
of the hemispheres to the internal capsule (i.e. the 
knee-shaped band of white matter which is bounded 
on its outer side by the lenticular nucleus, and on its 
inner side by the optic thalamus and caudate nucleus). 



Fig. 108. — Mesial aspect of right hemisphere, showing convolutions. 

The motor fibres occupy the anterior two-thirds of the 
posterior limb of the internal capsule, the fibres for 
the face being farthest foifward, those for the leg 
farthest back, the fibres for the arm being between 
(Fig. 109). It is in the internal capsule that haemor- 
rhage most frequently occurs, and, owing to the 
close approximation of all the fibres at this point, 
a comparatively small lesion is able to produce a 
widespread result. From the internal capsule the 
motor fibres descend to the crus cerebri, occupy- 
ing the middle third of its ventral aspect. As they 
descend in the crus the fibres for the leg are t6 the 
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outer side, the fibres for the face are nearest the middle 
line, and those for the arm are between the two. Below 
this level the fibres for the different limbs no longer 
run separate, but those for the arm and the leg are 
diffusely scattered over the cross-section of the pyra- 
midal tract ; consequently a lesion cannot produce a 



Fig. 109. — Diagram to show relative positions of the face, arm, and 
leg fibres in their course from cortex to crus. The section through 
the cortex and crus is vertical; through the internal capsule it is 
horizontal j * indicates the elbow of the internal capsule. 
f, face ; a^arm ; Z, leg fibres. 

monoplegia, or paralysis of a single limb. Entering 
the pons, the fibres are no longer quite on the surface, 
but are covered by a layer of transversely placed 
fibres. In the upper part of the medulla they form a 
well-marked bundle, the anterior pyramid, lying quite 
on the surface. At the lower part of the medulla the 
greater number of the fibres cross to the opposite side, 
forming what is known as the decussation of the fyra- 
mids } and run down in the crossed pyramidal tract of 
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the cord, to end at different levels in the grey matter 
of the anterior cornu (Eig. 110). The motor impulses 
are here transferred to the cells of the anterior cornu 
and through the anterior roots* which arise from them, 
to the motor nerves and muscles. The small number 

of fibres which do not 
decussate in the medulla 
are continued down in 
the anterior or direct 
pyramidal tract, but they 
eventually decussate in 
the anterior commissure 
of the spinal cord, and 
then end in the opposite 
anterior horn. Owing 
to this decussation of the 
pyramidal tracts, the im- 
pulses which take origin 
in one hemisphere of the 
brain pass to the oppo- 
site side of the spinal 
cord, and innervate the 
opposite limbs and the 
muscles of this side of 
the body. A small num- 
ber of fibres also descend 
in the grossed pyramidal tract of the same side. The * 
existence of this small number of motor fibres which 
do not decussate at all, but end in the anterior cornu 
of the same side as that on which they took origin 
in the brain, explains the fact that after a unilateral 
cerebral lesion the knee-jerk on the same side may be 
exaggerated, as well as that of the opposite leg. The 
pyramidal fibres to the motor cranial nerves decussate 
in the brain-stem close above the nuclei in which they 
terminate. 



Fig. 130. *— Diagram showing the 
course of the motor fibres from 
the cortex to the cord. 

o o, corpus callosum; o n, caudate 
nucleus ; i it, island of Reil : cl, 
clan strum ; *, site of facial deems* 
sntion ; opt, crossed pyramidal 
tract ;dpt, direct pyramidal tract. 
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In thus tracing the 
f course of a motor impulse, 
we’ have spoken of nerve 
cells and nerve fibres. ^ It 
would be better, however, 
to discard these names in 
favour of the modem ter- 
minology, which describes 
a nerve cell, its dbndritic 
processes, and the fibre 
connected with it (axis 
-cylinder process) as a 
: neurone. Thus, anatomi- 
cally, the motor impulses 
are conveyed by means Of 
two neurones. One of 
these consists of the pyra- 
midal cell in the cerebral 
cortex and the motor fibre 
arising from it (i.e. its axis 
' cylinder process) and end- 
ing in the anterior cornu. 
_The other is the anterior 
cornual cell and the fibre 
raising from it and end- 
ing in the muscle. There 
is apparently no direct 
anatomical continuity be- 
tween these two neurones, 
but the nerve impulse is 
able to pass from the one 
to the other by contact 
‘(Mg. 111). 

This conception has 
also the advantage of 
jnaking clearer son^e well- 



neurones of motor path, 
c o, cerebral cell ; b o, spinal cell * 
s, sensory ain-e ; w t muscle. 
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known physiological and pathological facts. Thus, 
it can easily be understood that if one part of 
a neurone be injured the health of the whole j 
neurone suffers. If, for example, what one may call 
the body of the upper neurone (i.e. the cortical 
cell) be injured, the axis cylinder process of the 
neurone (i.e. the pyramidal fibre) is also affected, and 
ultimately undergoes the process spoken of as degener- 
ation. Conversely, if a motor fibre be cut across — * 
say in the spinal cord — the health of the cortical nerve 
cell, of which it is a process, becomes secondarily 
impaired. 

' We have spoken of the motor path as consisting 
of an upper neurone (the cortical cell and its motor 
fibre) and a lower neurone (the anterior cornual cell 
and its motor fibre). It must be realized that these 
are not entirely independent of one another. On the 
contrary, the upper neurone seems to exercise a sort 
of restraining influence on the lower, which checks the 
outflow of nerve energy that is constantly proceeding 
along the lower neurone to the muscles, and that 
produces the “ tone ” of the latter. The result of this 
is, that if the upper neurone suffers damage in any 
of its parts, the restraint on the lower neurone is 
diminished, the tone of the muscles is raised ; as a 
consequence the muscles become rigid or spastic, and 
what are known as their “ tendon reflexes ” become 
exaggerated (see p. 503). On the other hand, the 
lower motor neurones exert an important nutritive 
influence on the muscles, and when this is cut off, 
as it may be by injury of the peripheral nerves or 
disease of the grey matter of the anterior cornua, 
as in infantile paralysis, the muscles atrophy and 
degenerate, and in addition lose their tone. 

.Consequently, though paralysis may result from le- 
sions of both the upper and the lower motor neuroneSj 
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considerable differences exist between tbe types pro- 
duced. In upper motor neurone paralysis tbe muscles 
do not waste ; their tone is increased, and the limb is 
consequently rigid; the electrical reactions are nor- 
mal; the tendon reflexes are exaggerated, and the 
paralysis is usually widespread, as of one side of the 
body (hemiplegia) or of a whole limb (monoplegia). 
In lower motor neurone paralysis the muscles atrophy 
and lose their tone, and the paralysis is consequently 
flaccid ; their electrical excitability is lost or the re- 
action of degeneration can be obtained ( see p. 522) ; 
the tendon jerks are abolished, and the palsy is 
usually restricted and may involve only individual 
muscles or groups of muscles. 

The anatomical paths for sensation are less 
accurately known than the motor paths. All afferent 
impulses from the periphery are conducted to the 
spinal cord by the sensory nerves, and through the 
spinal ganglia and the posterior spinal roots. These 
constitute the peripheral or primary afferent neurones. 
But only a small proportion of these impulses ever 
reach consciousness as sensations. The rest are con- 
cerned in the spinal reflex functions, in the mainten- 
ance of the tone of the muscles, or they terminate in 
r the portions of the spinal cord, or in higher centres 
such as the cerebellum, which control the co-ordina- 
tion of muscular activity. 

Sensory impressions come not only from the skin 
and superficial tissues, but also from muscles, ten- 
dons, and joints. When sensation is disturbed by 
disease it may be seen that in the peripheral level 
sensory impulses are divided into three distinct 
systems — (1) epicritic sensibility, by which light 
touch, its localization, and the milder degrees of 
temperature which we , call “ warm 55 and “ cool ” 
can be appreciated ; (2) the protopathic system, 
2 B 
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which carries impressions of cutaneous pain, as 
that produced by a prick, and the extreme degrees 
of heat and cold ; ( 3 ) deep sensibility, which is con- 
veyed in the afferent fibres that run from muscles, 
tendons, bones, and joints. This third system under- 
lies the recognition of position and movement, and, 
when cutaneous sensibility is lost, heavy touches or 
the pain produced by pressure can be appreciated 
through it. Owing to the wide anastomosis and dis- 
tribution of the fibres of this system it frequently 
escapes in areas in which cutaneous sensibility is lost ; 
then firm touches, as those produced by a finger or the 
point of a pencil, may be felt, though light touches 
cannot be appreciated. 

After they have entered the spinal cord, the various 
sensory impulses are rearranged and grouped into 
other systems. The majority of the peripheral neu- 
rones that have carried them hither terminate in the 
grey matter of the posterior horn at or near the level 
at which they enter, and from this grey matter the 
secondary sensory tracts take origin. These cross 
immediately, or within a few -segments, to the oppo- 
site antero-lateral column of the cord, and in it ascend 
to the brain-stem (Eig. 112). Touch, pain, and tem- 
perature are carried in this crossed secondary path. 
Other peripheral fibres, however, do not terminate in 
the grey matter, of the spinal cord, but run cerebral- 
wards in the posterior column of the same side as 
that on which they entered the cord ; these posterior 
column fibres carry the impulses on which depends 
the appreciation of position, of movement, and of size 
and shape. Vibration and the power of discriminating 
Weber’s compass-points are also conveyed in the pos- 
terior column, and this also contains a path for touch. 
Consequently, at any level of the spinal cord we have 
in each half of it two sensory paths conveying sensory 
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impressions cerebralwards : one, in the antero-lateral 
column, carries touch, pain, and temperature from the 
opposite half of the body ; and a second, in the posterior 
column, conveys the appreciation of posture, weight, 



size, shape, and other qualities of sensation from the 
same side of the body (Eig. 112). A unilateral lesion 
of the spinal cord, therefore, produces the Brown- 
Sequard phenomenon, in which pain and thermal 
sensibility are lost below the level of the lesion on the 
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opposite side of the body, wMle on the side of the lesion 
there is, in addition to motor^paralysis, disturbance of 
the sense of position and of movement, and loss of the 
recognition of weight, size, shape, of vibration and of 
the compass test. As touch has a double path, one 
on the same and another on the opposite side of the 
spinal cord, it is rarely afi ected by unilateral spinal 
lesions. 

At the upper end of the spinal cord the posterior 
column fibres terminate in the nuclei of Goll and Bur- 
dach, and the impulses they carry are taken up by 
secondary sensory fibres, which immediately cross to 
the opposite side of the medulla in the fillet decussation. 
Therefore, in the medulla oblongata all sensory impres- 
sions are carried in secondary tracts which he on that 
side of the nervous system opposite to the half of the 
body from which they come. But even here all do not 
run in a single path, for pain and temperature seem to 
pass through the lateral part of the bulb, while the 
posterior column sensory elements are conveyed by 
the mesial fillet (Fig. 112). Higher in the brain-stem, 
however, all sensory elements probably run closely 
together in the mesial fillet, and those which have 
come from the spinal cord are probably joined by the 
secondary fibres from the nuclei of the sensory cranial 
nerves. Finally, the fibres of the fillet terminate in 
the optic thalamus, no secondary sensory fibres pass 
uninterrupted beyond it, and from this a tertiary sys- 
tem of sensory fibres conveys sensory impressions to 
the cerebral cortex. 

The exact extent of the cerebral cortex concerned 
in reception of sensation is still doubtful; it certainly 
lies mainly in the parietal lobes behind the fissures of 
fiolando. It seems very probable, however, that cer- 
tain sensory qualities, as pain, never reach the cortex, 
but affect consciousness through subcortical centres, 
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2 

Ranges from just above to just below 
spir& of atlas. 
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probably through the optic thalamus. The course of 
the fibres and the position of 'the centres for the spe- 
cial senses are described in the section dealing with 
the cranial nerves (p. 441). The speech centres and 
their connections are described at p. 43$. 

2. The spinal cord. — The cord extends as far 
down as the interspace between the 1st and 2nd 
lumbar spines; the membranes are continued down 
as far as the body of the 2nd sacral vertebra. 

The cervical enlargement reaches to the 7th 
cervical spine. Its .largest part is opposite the disc 
between the 5th and 6th cervical vtrtebrse. 

The lumbar enlargement lies opposite the three 
lowest dorsal spines, its widest part corresponding to 
the body of the 12th dorsal vertebra. 

Physiologically, the cord is to be regarded as made 
up of a series of superimposed segments, from each of 
which a pair of nerve roots arises. To enable us 'to 
localize focal lesions of the cord it is necessary to bei 
acquainted with the functions of each segment, and? 
therefore with the area of supply of the pair of nerval 
roots arising from it. | 1 , | 

The table on p. 421 shows the points of origin, anil 
emergence of the nerve roots from the "cord and spinal 
canal. Plates 11 and 12 exhibit in a diagrammatic 
way the motor functions of the cervical and lumbar 
> segments and the reflexes dVer which each segment, 
presides. The sensory functions are exhibited in Mgs. 
113, 114, and 115. 

Eigs. 114 and 115 show the sensory distribution of 
the posterior nerve roots (“root areas ”). 

Plate show# the position of the different tracts 
of the <prd on transverse section. * v 

The** list ©n p. 42$, i&ows the nerve supply of tie 
muscles of the trunk and limbs. It’ may be found 
convenient for reference in the study of cases of 




e 11 . -Motor Segmental Functions of the 
Cervical Enlargement. 




Plate 12. —Motor Segmental Functions of the 
Lumbar Enlargement. 
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peripheral paralysis. The nerve supply of the head 
is considered along with*the cranial nerves (p. 441). 

The peripheral distribution of the chief sensory 
nerves is sufficiently indicated in Pigs. 116, 117, 118, 
and 119. • 

. Vascular supply of the brain and spinal 



Fig. 113.- -Lateral view of the skin areas supplied by the 2nd, 

3rd, and 4th cervical segments. 

cord.' — The brain is supplied by the internal carotid 
and vertebral arteries. Owing to the position of origin 
of the left common carotid, an embolus can enter it 
more easily than it can the art'ery of the opposite 
side. Embolic lesions are therefore more frequent in 
the left than in the right cerebral hemisphere. 

The two vertebral arteries unite at the lower border 
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Fig. 114. Segmental 


sensory areas of the cord. 
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Flate 13 .— Tracts of the Spinal Cord. ( Morat .) 
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of the pons to form the basilar , which runs up the 
middle of the anterior surface of the pons, and ends 
by dividing into the two posterior cerebrals. It 
gives off lateral branches which run out transversely 
over the f>on;j, and vertical branches which pass into 
its substance. The latter not infrequently become 
thrombosed. 

The 'posterior cerebrals supply the occipital lobes, 
the lower part of the temporal lobes, with the unci- 
nate gyrus, the inner part of the crus and the corpora 
quadrigemina, and the posterior part of the posterior 
limb of the internal capsule. Blocking of one of these 
arteries will therefore involve the visual centre and 
the sensory fibres. 

The basilar artery supplies the upper surface of 
the cerebellum; the vertebrals supply its lower 
surface, a's well as the greater part of the medulla 
oblongata. 

The internal carotid, gives off the anterior cerebral 
artery; which curves round the anterior end of the 
corpus callosum, and is chiefly distributed to the inner 
surface of the cerebral hemisphere as far back as the 
parieto-occipital fissure. It also supplies the superior 
frontal convolution. 

The internal carotid is practically continued on to 
the brain as the middle cerebral , which lies in the 
Sylvian fissure. An embolus which has found its way 
into the internal carotid, therefore, usually ends in the 
middle cerebral or one of its branches. The middle 
cerebral gives off cortical branches, which supply the 
motor area and the upper part of the parietal and 
temporal lobes. These branches anastomose freely 
with those of adjoining arteries, hence blocking of one 
ref them may be largely compensated by the .establish- 
ment of a collateral circulation. It also gives off central 
branches , which run more or less vertically upwards, 
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Fl *- 1IS - Cutaneous nerve supply of upper limb 
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Fig. 117. — Cutaneous nerve supply of lower limb. 

Anterior aspect: 1, ilio-inguinal ; 2, genito-crural ; 3, ext. cutaneous ; 4, middle 
cutaneous ; 5, int. cutaneous ; t>, patellar plexus ; 7, brandies of ext. popliteal ; 
8, int. saphenous: 9, musc.-cutaneous; 10, ext. saphenous ; 11, ant. tibial. 
Posterior aspect: 1, 2, 8, small sciatic; 4, ext. cutaneous ; 5, int. cutaneous ; 
6, int. saphenous ; 7, branches of ext. popliteal ; 8, short saphenous ; 9, post* 
tilnal; 10, int. saphenous; 11, int. plantar; 12, ext. plantar. 
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penetrating into the brain substance and supplying 
the basal ganglia. There are two chief groups of these 
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central arteries — an anterior group called the lenti- 
culo-striate , and a posterior group, the lenticulo- optic. 
These arteries are very commonly the seat of miliary 
aneurysms, and as the lenticulo-striate are more 
directly exposed to the force of the wave of arterial 
blood they are more frequently ruptured than are the 
lenticulo-optic. These central arteries do not anasto- 
mose with one another. They are, therefore, to he 
regarded as end-arteries. Hence it is that a lesion of 
one of them is much less likely to be compensated 
than is a lesion of a cortical branch. 

The venous blood from the brain is poured into the 
venous sinuses 6 . Owing to the slow current in these, 
thrombosis readily occurs in them. The blood from 
the interior of the lateral ventricles is chiefly returned 
by the veins of Galen, which end in the straight sinus. 
Owing to their long course, these veins are frequently 
exposed to pressure by tumours, etc. This is apt to 
lead to increased exudation of fluid into the lateral 
ventricles. 

The arteries which supply the spinal cord have 
a long and tortuous course. This renders them liable 
to thrombosis, but makes embolism of them almost 
impossible. The lower end of the cord is far removed 
from the point of origin of the vessels which supply it. 
Hence it is, perhaps, that this part is more liable to 
suffer damage from nutritional changes than are the 
higher regions. 

The student may now pass to the method of exam- 
ining a patient with nervous disease, as described in 
the subsequent sections. We would recommend him 
to begin by ascertaining the state of the intellectual 
faculties of the patient, including speech (Section II.). 
He should then rapidly test the condition of the cranial 
nerves in their order. , How this is to be done is 
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described in Section III. (p. 441). By proceeding thus, 
valuable information is gained at the outset, which 
may guide one in the subsequent investigations. The 
motor, sensory, reflex, and trophic functions should 
then be examined in order, following the methods de- • 
scribed in Sections IY. (p. 479), Y. (p. 492), YI. (p. 499), 
VII. (p. 510). Lastly, the electrical reactions of the 
muscles and nerves should be tested in those cases 
in which it may seem necessary (Section VIII., p. 511). 

II. INTELLECTUAL FUNCTIONS 

It is important to arrive at some idea of the 
patient’s intellectual state early in the taking of a- 
nervous case, as it affords indications that are of help 
in the subsequent investigation of his symptoms.^ 
For example, if one finds that his memory is deficient, 
one attaches only a limited value to the account that 
he gives of the onset .of his illness or the state of his 
previous health. Or if one discovers that he is coma- 
tose, or unable to understand speech, it is evident that 
one cannot expect to make much of any attempt to 
investigate the state of his sensory functions. This 
section will, therefore, be devoted to methods of in- 
vestigating a patient’s mental condition, including the 
functions concerned in producing and interpreting 
speech. 

The first thing to be determined is whether we are 
dealing with a right-handed or a left-handed 
patient* The importance of this depends upon the 
fact that right-handed people are left-brained, and 
vice versa. Ask the patient, if a male, which hand he 
uses to throw a stone or to pull a cork ; if a female, 
which hand is employed in combing the hair. It is of 
comparatively little use to ask which hand he writes 
with, as all children are taught to write with the right 
hand. 
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The state of the memory next calls for investi- 
gation. It may be tested by asking the patient what 
day of the week it is, what he ate at breakfast, and so 
on. It is important to ^distinguish between (a) the 
memory of recent events and (b) the memory of older 
occurrences. Both should be tested in every case, as 
one or the othe? may be lost alone ; in the psychosis 
which often accompanies alcoholic neuritis, for in- 
stance, the patient may retain his memory of events 
of his childhood, but may remember nothing that has 
happened during his illness. Inquire as to Ms sleep, 
and whether or not he is troubled with dreams. 

Note whether or not he is more emotional than 
is normal. An abnormal emotional state may be 
Evidenced by the patient’s bursting into laughter or 
into tears on very slight provocation, or by Ms giving 
way easily to fits of anger. 

In the course of taking Ms case, one will already 
have arrived at a general notion of the degree of 
the patient’s intelligence. Sometimes it is necessary 
to ascertain whether he is the subject of halluci- 
nations or delusions. An hallucination consists 
essentially in an imaginary sense-impression. A delu- 
sion is an erroneous idea wMch would be incredible to 
the patient’s equals, and which is unshaken by facts. 
Sf the patient says he hears voices when no one is pre- 
sent, or if he sees persons or forms wMch do not exist, 
he is the subject of an hallucination — in the former 
[case auditory, in the latter visual. If he declares that 
She is the Emperor of Russia, he is the victim of a delu- 
sion* ' » The existence of hallucinations and delusions is 
loften difficult to ascertain. Sometimes they are dis- 
covered by ’chance ; in other cases they can be elicited 
by skilful questioning ; often they are reported by the 
friends. 

- Delirium or coma may be present ; in such a 



case the investigation of the intellectual faculties 
already described is futile. 

One should next proceed to the investigation of the 
speech functions.* In. considering speech it is 
essential to distinguish between defects of articulation 
and enunciation, and those ' disturbances of speech, 
due to disease of its cerebral mechahism, which we 
speak of as aphasia. 

Supposing that the patient is able to speak, one 
should note whether there is any peculiarity in his 
articulation. The following are the chief abnormali- 
ties which may be present : — 

1. Stammering. — This requires no*special descrip- 
tion. 

2. Lalling, or baby speech. — -Ask the patient to 
read something aloud. If he lalls, one will recognize 
that all the difficult consonants are dropped ; he speaks 
like a baby, and, if a child, may perhaps make use of 
words of his own invention. P, B and M, T, D and N 
are the easiest consonants ; K, G, S, Sh, and Ch are 
more difficult ; C and L are the most difficult of all. 
Thus, such a patient has no difficulty in saying “papa,” 
“ mamma ” ; but if asked to say “ British Constitu- 
tion,” he will probably pronounce it “ Bitte tontitu.”f 

3. Scanning, or staccato speech. — The patient 
speaks slowly and deliberately, syllable by syllable, as 
if scanning a line of poetry. Ask him to say “ artil- 
lery ” ; he will pronounce it “ ar-til-ler-y.” This is 
the kind of speech found in cases of multiple cerebro- 
spinal sclerosis. 

4. Slurring speech. — The syllables are slurred 

* In our description of the methods of clinically investigating 
the speech functions we have followed very closely the teach- 
ing of Prof. Wyllie (see his valuable work on ° 1 Disorders of 
Speech”). 

f An aggravated form of lalling in which the patient seems to 
speak ^language of his own is described as idioglossia. 
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together as in a state of intoxication. Thus, “ British 
Constitution ” becomes “ Brizh Oonshishushon.” Tins 
kind of speech is met with very typically in general 
paralysis of the insane. „ 

5. Syllable-stumbling. — In this condition the 
patient misplaces some of the letters in a word and 
reiterates some particular syllables. For instance, 
fe West Register Street ” becomes <£ West Regigistreter 
Street.” 

6. Dysarthria is due to paresis of the peripheral 
mechanism of speech, either of the larynx, tongue, or 

.lips, though often all three are affected together. 
rWhen it is severe (anarthria), sounds can be no longer 
emitted, as is the case in advanced bulbar or pseudo- 
bulbar paralysis. 

If the patient’s defect consists not in any perver- 
sion of articulation, but in an inability to produce 
speech at all, or to understand it when spoken or 
when written, then his condition is described as one 

of aphasia. 

In order to understand the method of investigating 
a case of aphasia, it must be remembered that for pur- 
poseg of speech we have (1) a producing mechanism. 
This consists of two parts — one concerned in the pro- 
duction of spoken speech, the other in the production 
of written speech. (2) A receiving mechanism. Tins 
also consists of two parts — one for the reception of 
spoken speech, the other for the reception of written 
speech. 

We may thus classify cases of aphasia as follows : — 

( Motor aphasia (loss of 

1. Lesions of productive mechanism J power of talking). 

(motor aphasia), j Agraphia (loss of power 

l of writing), 

2. Lesions of receptive mechanism f -^ditory (word -deaf- 

(sensory aphasia). ( vS(word-blindne.s.s). 
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It must be borne in mind, however, that it is the 
exception to meet with a case of aphasia of a pure 
type. Thus, a patient may have both motor aphasia 
and also word-deafness; he may be unable to read 
as well as unable to write; and so on. 

The cortical centres for the production and reception 
of speech are situated in the left cerebral hemisphere 
in right-handed persons, in the right hemisphere in 
the case of those who are left-handed. Hence the 
importance of ascertaining early in the investigation 
of a nervous case whether the patient is right- or left- 
handed. 

The centre for spoken speech occupies the posf^tt 
extremity of the 3rd frontal convolution (Broca’s eoS 
volution) and the lower end of the ascending frontal. 

The centre for the production of written speech 
is believed to be in the posterior end of the 2nd 
frontal convolution. 

The centre for the reception of spoken speech is in 
the posterior half of the superior temporo-sphenoidal 
convolution, and that for the reception of written 
speech (visual speech centre) in the angular gyrus (see 
Plate 10, facing p. 412). 

The visual speech centre is connected by special 
fibres with the primary visual centre in each occipital 
lobe. Hence, a lesion in the left occipital lobe does 
not produce word-blindness unless it be so situated as 
to cut ofi also the fibres which connect the visual 
centre in the right occipital lobe with the left angular 
gyrus (Fig. 120). 

For practical purposes it is best to proceed with 
the investigation of any case of aphasia in the follow- 
ing order : — 

I. Spoken Speech 

1. How is it received and interpreted ? — Find out, I 
first, whether the patient’s hearing is good. If so, ask 
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him to put out his tongue, shut his eyes, etc. If he 
‘does so, test him as to his understanding of nouns by 
asking him to touch his nose, ear, chin, forehead, etc., 
in turn. Then test his verbs by asking him to smile, 
to whistle, etc. Finally, put to him longer questions, 
or give him more complicated orders, as when the 
disturbance of speech is only slight he may be able to 
understand simple questions and commands, but not 
more complicated ones. If the patient responds satis- 
factorily to these tests, he has evidently no difficulty in 
interpreting the meaning of words heard — i.e, there 
is no word-deafness. 

2. How is il produced ? 

i. If the patient can only use a few words, make 
a note of what these are. If he repeats any word or 
phrase again and again (“ recurring utterance ”), note 
what it is. 

ii. If he has a considerable vocabulary, (a) make 
a note of any examples of lalling, slurring, etc., as 
described on p. 434. This affords an indication of 
his power of articulation. 

Test him with such words and phrases as “ British 
Constitution,” 44 West Register Street,” 44 Biblical 
criticism,” 44 artillery.” 

(&) Show him common objects — a knife, a pen, a 
matchbox, etc. — and ask him to name them ; or, if he 
is dumb, to indicate with his fingers the number of 
syllables in the name oi each. If he is unable to fulfil 
these tests, he has evidently got some forgetfulness of 
words (amnesia verbalis). Sometimes the patient 
has a general idea of the word he wants to use, but 
forgets exactly how to pronounce it; he omits some 
syllables, or substitutes others for them, so that the 
listener may hardly be able to make out what word 
it is he wishes to use. This has been termed by 
Wyllie articulative amnesia. 




Fig. 120. Schematic figure, showing the course of the optic fibres 

(From Wyllie, after Mjcrine.) 


1 me bifurcating in front Cr>) reiirpsmn, +w-P lcke 8 .convolutions: the blaek- 
with the motor region of deleft (S') and^il®^ Wrufl 
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(c) If lie makes mistakes in his use of words, calling 
the knife a pen, or vice versa,, he is suffering from 
paraphasia. In that case, one should note whether 
or not the patient shows that he is aware of his error 
by trying to correct himself, or whether he goes on 
talking gibberish. 

3. How is itvepeated or echoed ? — Ask him to repeat 
words after you. If he is word-deaf, try to make clear 
your request by the aid of pantomime, repeating the 
word or phrase over and over again. If he is able to 
repeat what you say, endeavour to find out whether 
or not he understands what he is saying. 

* II. Written Speech 

1. How is it received or interpreted ? — Ascertain 
whether or not his sight is good; If so, write on a 
piece of paper such questions or commands as, How 
old are you ? Put out your tongue ; etc. If he does 
not respond satisfactorily, there is some word-blind- 
ness present — i.e. the patient has visual aphasia. 

2. How is it produced ? — Ask him to write his 
name. (This can often be done when all other power 
of writing is lost.) If he is able to do so, ask him some 
simple question — e.g. How many do two and two 
make ? — and get him to write a reply. If he has 
word-deafness, put your question in writing. If his 
right hand is paralysed, make him write or print with 
his left. If he writes pretty well, get him to write an 
account of his illness, and note whether- he makes 
use of the wrong word at times (paragraphia), or 
whether there is repeated use of any particular 
word. 

3. Can he write to dictation or copy ? — Try, using 
some simple book. If he succeeds, endeavour to ascer- 
tain whether or not he understands the meaning of 
what he writes. 



Ill, Phenomena associated with Speech 

1. Does he understand pantomime ? — Does he nod 
Ins head' for “ yes,” shake it for “ no,” and can he 
indicate numbers with his fingers % Loss of gesture 
language is termed amimia. Mistakes in the use of 
gestures — e.g. nodding for “ no,” or shaking the head 
for “ yes ” — is termed paramimia. 0 

2. Does he understand symbols — e.g, numerals ? — 
Thus, one may write down — 

2 2 2 

2 2 2 

T ¥ T m 

and ask him to point out which is right. If he cah 
read music, test him with musical notes. 

3. Can he recognize common objects ? — Place beside 
him a pencil, a coin, and a match. Ask him to 
strike a light, or to write something down. If he 
is unable to select the proper article for the purpose, 
he is suffering from mind -blindness. Inability to 
recognize his friends is another proof of the same 
condition. 

It occasionally happens that a patient who has 
neither motor nor sensory paralysis, nor ataxia, cannot 
perform certain acts, though he can easily execute 
their component movements. He is consequently 
unable to make use of objects though he can recognize 
their use. This condition is known as apraxia. It 
results from destruction of the left frontal lobe, or of 
its connections, through the corpus callosum, with the 
right hemisphere. Sometimes it affects only the left 
limbs; but it is usually bilateral. It may be tested 
for by asking him to use certain objects, or make or 
imitate certain movements. Por instance, he may 
be given a box of matches and a candle, and asked to 
light the latter. If there is apraxia he may fail to open 
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the box, or to take a match from it, or to strike the 
match, or even to light the candle with the match if 
he has succeeded in striking it. It is, of course, 
important to make sure that the patient understands 
the order. 

III. CRANIAL NERVE FUNCTIONS 

In this section we propose to give a brief resume 
of the essential points in the anatomy of each cranial 
nerve, to indicate its functions, and, in some cases, the 
chief symptoms which result from its paralysis, and 
then to describe the method in which one investigates 
the state of the nerve at the bedside. 

First or Olfactory Nerve 

Anatomy . — The nerve fibres which arise from the olfactory 
bulb are distributed to the Schneidei’ian membrane, at the 
upper part of the nasal fossa?. The cortical centre for smell is 
believed to lie in the uncinate gyrus. The exact course of the 
fibres between the cortex and the bulb is unknown, but it is 
probable that some of them do not decussate. 

Test. — Have three small bottles containing some 
oil of cloves, some oil of peppermint, and some tinc- 
ture of asafoetida. A^ply these to each nostril sepa- 
rately, and ask the patient if he recognizes them. In 
testing, avoid the use of such irritating substances as 
ammonia, for these act, partly at least, through the 
5th nerve. The sense of smell may be abolished. 
This is known as anosmia. Before concluding that 
the nerve is at fault, take qare to exclude local changes 
in the nose itself — e.g. catarrh. Parosmia is the 
name applied to a condition in which the sense of 
smell is perverted, so that, for instance, offensive sub- 
stances seem to have a pleasant odour, and vice versa. 

Inquire also regarding hallucinations of smell. 
These sometimes constitute the aura of an epileptic fit. 
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Second oh Optic Nerve 

Anatomy . — From the retina, which is the end-organ of the 
sense of sight, the fibres of the optic nerve pass back to the 
optic chiasma. Here the fibres from the inner half of each 
retina decussate, whilst those fro£n the outer half remain on 
the same side. Each optic tract, therefore, consists of fibres 
from the outer half of the retina on the same side and the 
inner half of the retina on the opposite side. *Eaeh tract passes 
back to the corpora quadrigemina and to the external genicu- 
late body and the puLvinar of the optic thalamus of the same 
side. In these, which are known as the primary optic centres, 
all the fibres of the optic tracts terminate. But another sys- 
tem of fibres, which is known as the optic radiations, takes 
origin in them and passes through the posterior limb of the 
internal capsule and then backwards to the cortex around the 
calcarine fissure (see Fig. 120, p. 438). This, therefore, consti- 
tutes the chief visual centre, and represents the opposite half of 
the field of vision, the left half of the field of vision being repre- 
sented in the cortex of the right hemisphere, and vice versa. 

Test. — In testing the optic nerve, one has to 
investigate three functions : (1) Acuity of vision ; (2) 
extent of field of vision ; (3) colour sense. We shall 
consider seriatim the methods of testing these. 

Certain preliminaries must always be attended to. 
One of these is to see that any error of refraction in 
the patient’s eyes is first corrected, and that there is 
no opacity of his media ; another is to take care to 
examine each eye separately. 

1. Acuity ot vision. — If this be very much 
diminished, it may be doubtful whether the patient 
is able to tell light from darkness. To investigate 
this, place the patient in a darkened room opposite 
to a lamp, alternately cover and uncover his eye, or, 
what is perhaps a better plan, concentrate the light 
upon his eye by means of a mirror or lens, and ask 
him to say when it is light and when it is dark. 

In lesser degrees of impairment, ask the patient to 
count fingers. This is done by placing him with his 
back to the light while the observer, standing facing 
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the patient, holds up a varying number of fingers of 
one hand, and asks the patient to say how many there 
are. The test should be applied at varying distances. 

For the detection of slight degrees of impairment 
of visual acuity Snellen’s types will be found useful. 
These consist of letters of different sizes, each of 
which should *be capable of being read at a definite 
distance — the largest at 60 metres, the smallest at 6. 
In using the types, the patient is placed with his back 
to the fight, while the types are placed level with the 
eye at a distance of 6 metres (about 20 ft.). He is 
then asked to read the letters from above downwards. 
For the purpose of recording the result, the following 
symbols are employed : — 

V = visual acuity. 

d = distance of eye from type (i.c. 6 metres). 

I) — distance at which type should be capable 
of being read. 

Suppose that at 6 metres the patient is able to 
read the smallest type — that is to say, that which 
should be readable at 6 metres off. Then Ins visual 


acuity (V) : 


d (i.e. 6 metres) 


or normal. 


D (i.e. 6 metres) 

But if at that distance he can only read the largest 
size of type — -that which one should be able to read 


at 60 metres — then V = 


6 _ 

60 


The term amblyopia (literally “ blunt-eyedness ”) 
is often used to mean defective vision. By crossed 
amblyopia one means dimness of vision in one eye, 
there being a lesion in the opposite half of the brain. 
It also occurs, not infrequently, in hysterical hemi- 
ansesthesia, on the same side as the loss of sensation. 
The term amaurosis (literally ** darkness ”) is some- 
times used to signify complete blindness. 
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2. .Extent of field of vision. — For ordinary 
clinical purposes the extent of the field of vision can be 
tested with sufficient accuracy in the following way : — 

Seat yourself opposite to # the patient and at a 
distance of about half a yard* from him. If his right 
eye is to be tested, ask him to place his hand upon his 
left, and to look steadily at your own hft eye. Look 
steadily yourself at the patient’s right eye, your own 
right being closed, and hold up your left hand in a 
plane midway between his face and your own, and at 
first at almost full arm’s length off. Keep moving the 
fingers of the hand, and bring it nearer until you 
can ju3t yourself “ with the tail of your eye ” catch 
the movement of the fingers. Then ask the patient’ 
whether he sees them, telling him meanwhile to be sure 
not to take his own eye off yours. If he fails to see the 
fingers, keep bringing the hand nearer until he sees 
them. Test the field in this fashion in every direction 
—upwards, downwards, to right, and to left — using 
the extent of your own field always for purpose of 
comparison. 

For more accurate delimitation of the field of 
vision one must make use of a perimeter. Priestley 
Smith’s is a good form, and is shown in Fig. 121. It 
is used as follows : — 


i. The patient rests his cheek against the wooden pillar, so 
that the eye is about 1J in. above the knob and vertically over 
it). The height of the instrument is regulated by movable 
blocks. 

it The quadrant, which is a flat strip of metal engraved 
upon its two sides, is rotated by a wooden hand- wheel attached 
to the axis ; it is balanced by a weight upon the hand- wheel, 
so that it will stand in any position without being fixed, 

iii. The test object is a square of paper gummed upon a 
light vulcanite wand which the operator holds in the left hand. 
With the right hand he rotates the hand- wheel and pricks the 
chart. ■ 

iv. The chart is placed upon the hinder surface of the hand- 
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wheel, and rotates with it. There is a mark on the hand-wheel 
to show which way the chart is to be placed. This mark is 
brought to the top, and the chart is then slipped in from above 
downwards and in the upright position. 

v. Immediately behind^the hand- wheel is fixed a hozizontal 
scale, the divisions of which correspond with the circles on the 
chart. As the quadrant rotates the chart rotates with it, and, 
in whatever position the quadrant stands, the corresponding 
meridian of the chart stands against the scale. This arrange- 
ment enables the operator to prick olf his observations with 



Fig. 121. — Priestley Smith's perimeter. 


the greatest ease, and has tho further advantage that the chart 
is constantly under inspection, so that any portion of tho field 
can be immediately brought under examination at any time. 

. vi. The charts are of two kinds, A and B. Tho A charts 
correspond to the entire field and are divided by circles from 
0° to 90°, the limits of the average normal field being shown 
by a dotted line. The B charts are for mapping the central 
part of the field on a larger scale, and are divided from 0° to 
45°. The scale of the perimeter is graduated accordingly on 
its two sides ; the A side is to bo used with the A charts, 
the B side with the B charts. 

. vii. There are many cases in which it is better to sweep tho 
field, or parts of it, in circles rather than in meridians, e.g. 
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hemiopic and sector-like defects in which the boundary line 
of the field runs in a meridianal direction. In cases of this 
kind the test objects may be placed in the clip upon the 
quadrant, and carried round the field in successive circles. 

McHardy’s instrument is shown in Fig. 122. The 
following points should be attended to in using it : — 

The chin rest (e) is adjustable to suit each patient; the 
level of the eye is then gauged by the button (i) on the sliding 
stem (h) ; next, “ zero ” is raised, and fixed by the milled head 
(6) to the level of eye, by aid of scales on a and K. The biting 
fixation attachment (l, m) is detachable ; it is only to bo put 
in place when required in mapping the “ field of fixation,” as 
distinguished from the “ field of vision.” .Registration is 
accomplished by simply pressing the chart box (e) into an 
upright position. The quadrant (hh) rotates *smoothly, and 
remains rigid in any position. The large vulcanite disc ( n ) 
readily slides into position, so as to screen the operator’s 
cuff while he turns the driving milled head (j), which simultane- 
ously manipulates the travelling carriage {&) and the pointer 
(p) of the automatic registration. The skeleton charts, which 
are printed red, correspond to the entire field, and are divided 
by circles from 0° to 90°, the limits of the average normal 
field being shown by a faint line. Any portion of the field 
can be immediately brought under examination, while the 
records are not liable to be biased as when under inspection. 
The field or parts of it may be as readily swept in circles as in 
meridians, in those cases in which the former method is 
preferable ; e.g. for hemiopic and sector-like defects. 

The test objects, circular carriers of coloured paper, are 
placed in the carriage ( i ) behind various diaphragms (r r ) with 
apertures of given diameter. Degrees and half-degrees are 
marked on the back of both edges of the quadrant, so that the 
instrument will determine the angle of squint or the angle a 
accurately. 

Ascher’s perimeter 3 which is constructed mainly of 
celluloid, is a light and portable form for private use. 

Changes in the field of vision. — It may be con- 
tracted all round its periphery. This is spoken of as 
concentric diminution of the field of vision. It occurs 
in hysteria, optic atrophy, and various affections of 
the retina. 



IS] FIELD OF VISION 447 

Sometimes the loss of vision is confined to the 
centre of the field. This is spoken of as a central 
scotoma or as central amblyopia. It is frequently 
jdue to toxic causes (e.g. excess in tobacco or alcohol), 



Fig. 122.— McHardy’s perimeter. (For details, nee text.) 


and is then generally bilateral. Sometimes it is due 
to local disease of the choroid or of the retina in the 
neighbourhood of the macula. In that case it may 
affect only one eye. 
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The term hemianopsia (also written hemianopia 
and hemiopia) means loss of sight in onp-half of the 
field of vision in both eyes from causes other than 
disease in the retina. Eight lateral hemianopsia 
means abolition of the right Ealf of the field of vision ; 
left lateral hemianopsia, abolition of the left half. 
These forms of hemianopsia are alse spoken of as 
homonymous . 

Superior and inferior hemianopsia mean loss of 
the upper and lower halves of the visual field respec- 
tively. They are of rarer occurrence than the lateral 
variety, and are sometimes spoken 01 ■ as 
hemianopsia . # ' . , •, 

Temporal hemianopsia means loss of vision 
temporal or outer halves of both fields, and is due, 
therefore, to loss of visual power in the - nasal half 
of each retina. It can only be produced by a lesion of 
the optic chiasma, involving those fibres of the optic 
nerves which decussate, and is accordingly rare. It 
occurs in acromegaly, or with tumours of the pituitary 
body, or may result from a syphilitic meningitis com- 
pressing the chiasma. 

Nasal hemianopsia signifies a loss of the nasal c# 
inner half of each field, and indicates a diminution of 
visual power in the temporal half of each retina. It 
can only be produced by a bilateral lesion confined 
to the uncrossed optic fibres on each side of the 
chiasma. It occurs with excessive rarity. 

Temporal and nasal hemianopsia are sometimes 
spoken of as heteronymous , in contradistinction to the 
homonymous variety. 

3 . Colour sense. — This is tested by means of 
Holmgren’s wools. Throw all the skeins together on 
a table in good daylight, keeping the test skein 
separate. Explain to the patient that he is to match 
the colour, not to name it, and that he ;is to select all 
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those skeins which are like it, whether they are of 
a darker or lighter shade or not. Show him first a 
pure pale-green skein, and ask him to match it. If 
he does so correctly, his^colour vision is normal. If, 
on the other hand, he selects one of the “ confusion 
colours 5J (grey, straw colour, etc.), he is to be regarded 
as colour-blind.* 

Total colour-blindness is rare. Eed-green blind- 
ness is the commonest form. Yellow-blue blindness 
is not nearly so common. If the patient is totally 
colour-blind he confuses with the test skein all those 
, of equal brightness, no matter what their tint may 
be. If red-gr^en blindness is suspected, show him a 
purple skein, and he will select blue as a match for 
it — indicating that he fails to see the red element in the 
purple. If he be blue-blind, he will select red or orange. 

Colour field. — In a normal eye the field for blue 
is largest, then comes yellow, then red, and lastly 
green. Concentric diminution of the colour field 
occurs in hysterical amblyopia. In some toxic con- 
ditions, especially tobacco poisoning, one finds a 
central scotoma for colour. Its existence can easily 
#e determined by placing the patient with his back to 
the light, and asldng him to look steadily at any spot. 
A small piece of green or red paper is then placed over 
the spot which he fixes, and he is asked to distinguish 
the colour. If a central colour scotoma is present he 
cannot distinguish the colour when it is on the fixa- 
tion point, but may be able to do so when it is moved 
some distance from it. The extent of the scotoma 
may be measured by the perimeter. Colour-blindness, 
of course, interferes with the use of the test in some 
cases. 

The exact extent of the field for each colour is 
best tested by means of the perimeter. 

Subjective visual sensations may be present. 

2 D 
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Amongst the commonest of these for which one may 
have to inquire is the occurrence of what are known 
as nmscce volitantes-r - little speck? or motes seen 
floating before the eyes, especially on looking at - 
a white surface or up to *the sky. They are not 
infrequent in ansemic and debilitated persons. In 
migraine, peculiar zigzag lines, known as “ fortifica- 
tion figures, 0 are often seen at the beginning of 
the attack, and in the investigation of such a case 
should always be inquired for. The term teichofsia 
is applied to this condition. Hallucinations of sight 
occur in some cases, notably in delirium tremens ; „ 
they may also form part of the aura i$ epilepsy. 

Third, Fourth, and Sixth Nerves 

It is convenient to take these together, as con- 
jointly they serve to innervate the muscJes Which 
move the eyeball. 

Anatomy . — The fibres of these nerves teikb their origin from 
a series* of nuclei which begin in the floor of the aqueduct of 
Sylvius below the anterior corpora qu^drigemina, and extend 
down as far as the eminentia teres in the floor of the 4th 
ventricle. The nucleus for the 3rd nerve is highest up ; itp 
most anterior cells supply the ciliary muscle and iris, those fir 
the ocular muscles being farther back. Behind that comes 
the nucleus of the 4th, and most posteriorly of all that of 
the 6th. The 3rd nerve emerges on the inner aspect of the 
crus, and is therefore apt to be involved in lesions implicating 
that part of the brain. 

The 4th pair emerge on the anterior part of the roof of 
the 4th ventricle. They are peculiar in that they are the 
only cranial nerves which decussate between their nuclei and 
their point of emergence. 

The 6th emerges between the medulla and pons, and runs 
forward beneath the latter for a considerable distance before 
leaving the skull. This long course renders it particularly 
liable to the effects of pressure. ", > 

\ Functions. — The 6th nerve supplies the ex- 
ternal rectus, the 4th supplies the superior oblique. 
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AH the other ocular muscles, along with the sphincter 
pupillee, the muscle of accommodation, and the levator 
palpebrse superioris, are supplied by the 3rd. 

Symptoms of paralysis. Sixth nerve . — In- 
ability to move the eye*outwards, and diplopia on 
looking in that direction. Possibly internal squint. 
In nuclear lesions there is also loss of the power of 
conjugate deviation of both eyes in the direction of 
the affected muscle. 

Fourth nerve . — Impaired power of downward 
movement, and on the attempt to look downwards 
, the eyeball is rotated outwards by the inferior rectus. 
Diplopia only ^elow the horizontal plane, with the 
images uncrossed, but the false one tilted. There is 
rarely a visible squint. 

Third nerve. — Ptosis ; the eye can only be moved 
outwards and a little downwards and inwards ; pupil 
dilated and unable to contract; loss of power of 
accommodation. 

Paralyses of the 3rd nerve are not infrequently 
partial — only one or a few of these functions being lost. 

Thus the levator palpebrse superioris is often alone 
affected, producing ptosis, while the other muscles 
retain their normal power. In order to estimate the 
degree of ptosis, one must eliminate the action of 
the occipito-frontalis. This is done by pushing down 
upon the latter muscle so that the eyebrows are kept 
level, and then asking the patient to look up. The 
extent to which the lids are raised indicates the 
strength of the levator. 

Any retraction of the upper lid, from over-action 
of the levator, is to be noted by observing the relation' 
of the edge of the lid to the upper margin of the 
cornea when the patient is looking straight forward. 

How to test these nerves. — As will be 
gathered from the above resume, the signs of a lesion 
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involving any of these nerves may be — 1, the presence 
of a squint ; 2, defective power of movement of the 
eye ; 3, the presence of diplopia. Of these signs the 
last is really the most trustworthy of all, for paralysis 
of the muscles supplied by the nerve may be so slight 
as to lead to no appreciable squint and to no visible 
defect in mobility. * 

We shall consider the question of squint first, 

1. By squint or strabismus is meant a want 
of parallelism in the two visual axes. It may be 
due either to paralysis of a muscle or to over-action — 
i.e. spasm — of its opponent. The former constitutes 
paralytic strabismus, the other bripgs abou|'^^^ ? 
is called concomitant (or spasmodic) strab^lipp 
The first point, therefore, to be decided about any 
squint is this — Is it paralytic or is it concomitant ? 
The chief points of distinction between the two are 
these : — 

(a) Spasmodic squint is always present ; on asking 
the patient to look straight forward, which is the 
position of rest of all the ocular muscles, the squint 
is seen at once. Paralytic strabismus, on the other 
hand, may only be visible when the patient happens 
to look in a direction requiring the action of the 

' paralysed muscle. 

(b) In spasmodic strabismus the affected eye 
follows the sound eye equally in all its movements. It 
is for this reason that it is termed “ concomitant.” The 
visual axes are not parallel even in the position of 
rest, and the defect of parallelism remains the same 
in whatever direction the patient turns his eyes. In 
paralytic squint the visual axes may appear parallel 
in the position of rest, but, even if they do not, the 
want of parallelism becomes more and more evident 
the farther the patient tries to turn his eyes in the 
direction of action of the paralysed muscle. 



ixj DEFECTIVE MOBILITY OF EYE 453 

(c) Diplopia is usually present in paralytic squints, 
absent in those which are spasmodic. 

The commonest form of concomitant squint is* the 
internal strabismus, whiqh occurs in children, and is 
associated with hypermetropia.' 

2. Defective power o i movement ol tlie 
eye. — In order* to elicit this symptom, place the 
patient with his face to the light ; stand in front of 
him, and, holding up one finger, ask him to follow its 
movements with his eyes. It will easily be noticed 
whether or not a squint is brought out in either eye 
when he attempts to do so. The examination may be 
repeated in each eye separately, its mobility being 
tested in each direction. 

The power of convergence of the eyes should always 
be tested in addition to the mobility of each eye 
separately. In order to do this, hold up your finger 
directly in front of the patient at a distance of about 
18 in. from the tip of his nose. Tell him to keep 
looking at the finger, which is then gradually brought 
nearer to the nose. Note to what extent convergence 
occurs, and whether it is well maintained — i.e. whether 
the eyes remain directed towards each other, or 
whether they diverge again after their first con- 
vergence. 

In some cases the defective mobility is so slight as 
to elude detection. This is especially apt to be the 
case in paralysis of the oblique muscles. In such a 
case one falls back upon the diplopia as an indication 
of the affected muscle. 

3. Diplopia. — In order to elicit this symptom, 
hold your finger straight up in front of the patient, 
and ask him how many there are. Then repeat the 
question with the finger held at each side of the visual 
field, then high up, and then low down. Make sure 
that the patient's head is not moved during the 



454 


NERVOUS SYSTEM [cha|>. 

investigation. If in each position , he sees one finger 
only, there is no diplopia. If at any part of the field 
two fingers are seen— one distinct, the other some- 
what hazy — one may be sur& that diplopia is present. 

In that case one has next to ascertain (1) which 
is the affected eye ; ; (2) which is the affected muscle 
m that eye. 

In order to determine these points, proceed as 
follows : — *“ 

Place over one of the patient’s eyes a red glass— 
preferably over the stronger eye, if he has better 
vision m one than the other. Then hold up in front 
of him a tall lighted candle. Move it* about 
sees two candles— a red and a yellow. 
is the true image— i.e. that of 
other is the false image— i.e. tbai^f fl^Ked eye. 
Winch is which? In order, , ; tp;^^ei|4'his question 
the following rule is^givfem^O * 

. effected eye is th0^d^0ie direction of the image 
of mmch the diplopia iikffigdses. 

Tie application o^||g^fule will be made plain by 
an^xample. Supp^p'e red glass is opposite the 
patient & left eye, arilrthe patient says that the red 
image is to the right of the yellow. On moving the 
•candle farther to the right the distance between the 
images increases— i.e. the diplopia becomes greater ; 
that is to say, it becomes greater on moving the 
candle m the direction of the red image. But that is 
the image belonging to the left eye ; therefore, apply- 
ln ^rp^ e ru ^ e, e ^ e ^he one that * s affected. 

. a: ® ec ted eye having been thus discovered, one 
wishes to know which is the affected muscle. To help 
m this a second rule has been given : — A 

The paralysed muscle is that which would have 
turned the eye in the position and direction of the false 
mage. J 
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In the above example it was found that the left 
eye was the one affected, and that its image was to 
the right of the true image. Applying the above rule, 
one asks, Which muscle moves the left eye to the 
right ? and the reply is, The internal rectus. The left 
internal rectus, therefore, is the affected, muscle. 

When, as in this case, the false image is on the 
opposite side to the affected eye, the diplopia is said 
to be crossed ; when the false image is on the same 
side as the affected eye, the diplopia is said to be 
direct . Paralysis of an internal rectus always pro- 
duces a crossed diplopia ; paralysis of an external 
rectus, a direct dip- 
lopia. The rule is, 
that when the optic 
axes would intersect 
if prolonged, the dip- 
lopia is not crossed, 
and vice versa. 

The detection of 
the affected muscle 
in cases of vertical 
diplopia is some- 
what more difficult 
than in cases where 
the diplopia is 
lateral. The same ' 123 -- Weraer ’* dhinm - 

rules, however, apply. Suppose, again, that the red 
glass is over the left eye, and that the two images are 
seen one above the other, the yellow being higher up. 
On looking upwards the distance between the images 
becomes greater; therefore, according to the fast 
rule, the right eye is the one affected. Which is 
the 'paralysed muscle? In order to apply the second 
rule, it is necessary to remember the action of each 
muscle, and, from the position of the false image 
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as described by the patient* deduce which muscle it 
is that would have turned the eye in that position 
and direction. This muscle will be the one affected. 
Werner’s diagrams (Figs. 123, 124) facilitate the re- 
collection of this greatly, the continuous lines on 
the diagrams represent the positions of the true 
images, the dotted lines those of the false images. 
Thus in paralysis of the left inferior rectus the false 
image is at a lower level than the true, it is to the 
right side of the true image (crossed diplopia), and 

the upper end is 
inclined towards the 
true iipage (Fig.l23)> 
In paralysis of the 
left inferior oblique 
the false image is 
higher : t£aii the 
true image and to 
its left side (direct 
diplopia), and its 
upper end is inclined 
away from the true 
image (Fig. 124). 

, Fig. 124. — Werner's diagram. To return, then, 

n to our supposed case. 

One has proved that the right eye was the one 
afiected, and that its image was higher up than the 
true image. The paralysis must therefore afiect 
either the right superior rectus or the right inferior 
obhque. Ask the patient whether the upper end of 
the false image is inclined towards or away from 
the true, and whether it is to the right or the left of 
the latter. Supposing he says that the false image 
yellow candle) is to the left of the. true, and with 
its upper end inclined away from the latter: then 
one knows at once, by referring to the diagram 
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(Fig. 123), that the right superior rectus is the muscle 
affected. 

If, in the above example, the patient be unable to 
state clearly whether th§ false image is to the right 
or left of the true, and what is the exact nature of 
its inclination, one can have recourse to another 
method. Ask in what direction the difference in 
height of the two images increases. If towards the 
temple, the rectus is the affected muscle ; if towards 
the nose, it is the oblique. 

In applying the above tests it is more convenient 
to move the patient’s head in order to change the 
direction of his* eyes than to move the candle. Thus 
if one turns the head to the left and asks him to look 
at the candle the eyes are turned to the right. Hence, 
moving the head to the left comes to the same thing 
as moving the candle to the right, and vice versa. 
To lower the eyes, hold the head back ; to elevate 
the eyes, depress the chin. These movements are 
effected by the observer, who places himself at the 
patient’s side, the lighted candle being placed on a 
table some distance off. 

An alternative method of diagnosis in paralyses of 
the extrinsic muscles of the eye has been recom- 
mended by MacNab. described it as follows * : — 


“ 1. A muscle is paralysed when a diplopia occurs in 
one part of the field of vision or when there is diplopia 
over the whole field and the separation of the images 
increases in one direction , 


“ A red glass is placed before the right eye, and the patient 
is directed to look towards a lighted candle, which is suc- 
cessively raised, lowered, moved to tho right and left. If the 
patient sees two candles in some positions but not in others, or, 
seeing two in all positions, the distance between the two 
.increases in certain directions, there is a muscle paresis. 

* Lancet , June 19th, 1909. 
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“ 2. The direction in which the diplopia is greatest 
indicates the direction of action of the affected muscle . 

“ In testing for the direction of the greatest diplopia the 
horizontal and tho vertical components must be considered 
separately. The candle is held straight in front of tho eyes, 
and the patient is directed to note how much one image is to 
the right of the other, and for the present to neglect entirely 
any difference in level ; he should bo aslfed to estimate in 
inches the distance between them and to hold up his two 
index fingers in their respective positions. The patient’s head 
being then kept steady, the candle is moved to the right and 
to the left. If any difference is seen it should be noted as hori- 
zontal separation increasing to the right or to the left. The 
patient’s attention is then directed to the diff epeppe jga level 
— i.e. the vertical element of the diplopia-^an^ ifi 
way on raising the candle or lowering /yCl 

readily estimate any difference in the level of 
a note can then be made that the vertical Sepai&^dh- ’Infereases 
upwards or downwards. In determining the variations in 
the two components of a diplopia it is imperative that the 
patient’s attention be kept to the point;, when testing the 
horizontal separation no remarks about level should be list- 
ened to ; to the question, * How far is the one candle to the 
right of the other ? ’ the answer;- ‘ The red candle is now 
sloping,’ only confuses the observer, 

“ If the vertical component is very small relatively to the 
horizontal the diplopia can be spoken of as a horizontal one ; 
the action of the affected muscle will be horizontal, and to the 
right or left according as the diplopia increases to the right or 
to the left. If the vertical element is greater than the hori- 
zontal the diplopia can be spoken of as a vertical one, and the 
muscle affected will be an elevator of a depressor according 
as the vertical element of the separation increases upwards 
or downwards. 

“ 3. The image projected further in the direction of 
greatest dnplopia is formed by the affected eye. When 
the candle is moved in the direction in which the 
diplopia increases, the image which moves most 
rapidly in that direction is the one formed by the 
affected eye. 

' *The expression “ diplopia is greatest” is used to mean the 
angular separation of the two images is greater. 
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“ Having determined the direction of action of the affected 
muscle we now find out which eye is affected. The diplopia 
is due to the lagging of a muscle, and is greatest when the 
muscle is called on to make its greatest effort. If the candle 
be placed in that part of th$ field where the diplopia is great- 
est the normal eye will be able to follow it and receive its 
image on the macula, but the affected eye will lag behind and 
receive an image of the light at a point on its retina remote 
from the macula fn the opposite direction to that of tho object. 
Taking into consideration the relative positions of these two 
retinal images, it will be apparent that the one in the affected 
eye cannot be superimposed on the other, but will always be 
at a point removed from it in the opposite direction to that of 
the source of light. If now we consider the mental projection 
of these two images in space, that one due to the eye which 
lags will always Jbe further in the direction of the object fixed. 
But this is the direction of greatest diplopia, therefore the 
image which is further out in the direction of the greatest dip- 
lopia is always formed by the affected eye. Having deter- 
mined the direction of the greatest diplopia, we have merely to 
ask the patient which candle is further in this direction — up, 
down, right, or left — and his answer will indicate the eye 
which is affected. 

“ If the diplopia be a horizontal one the diagnosis will be 
complete, for there is only one muscle which moves each eye 
to the right or to the left. If, however, the diplopia be vertical, 
we have still to decide between two muscles, for each eye can 
be moved up by the superior rectus or the inferior oblique and 
downwards by the inferior rectus or the superior oblique. 

<e 4. The separation of the images is greatest when the 
eye is looking along the line of the tendon of the affected 
muscle or when the object is opposite th$ end of the 
affected tendon. 

“ Bearing this rule in mind, we have only to recall the direc- 
tion of the tendons to decide the muscle. We have already 
determined the action of the muscle and the eye which is 
affected. If the candle be placed in the two positions in which 
it would le intercepted by the lines of the two possible tendons, 
then the vertical separation will be greater when it is on the 
line of the affected one. * 

u Suppose that the vertical separation increases downwards 
and the image from the right eye is lower, we have a depressor 
of the right eye affected. The line of the one depressor tendon 
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— the superior oblique — passes forwards and to the left, and 
the tendon of the other — the inferior rectus — passes forwards 
and to the right. The candle is therefore placed in the left 
lower part of the field, in lino with the oblique, and then in the 
right lower part of the field, in line with the rectus, and the 
patient is asked in which position is the difference in level 
greater. His answer will determine the muscle affected. 

44 If a further control of these vertically acting muscles be 
wished, and the patient appreciates that one candle is inclined 
towards the other, then tho angle of inclination of one image 
to the other is always greatest when the line from tho object 
to the eye is at right angles to the tendon of the affected 
muscle. 

<4 In the case of a depressor we have to distinguish between 
the superior oblique and the inferior rectus ; and similarly for 
an elevator between the superior rectus and inferior oblique. 
For the former pair, hold the candle in the lower part of the 
field, first to the right and then to the left, and ask the patient 
to say when the inclination is greater. Then, placing the candle 
in the position where tho inclination is greatest, take a line 
from it to the eye, and that one of these two muscles whose 
tendon is at right angles to tins line is the one affected. Simi- 
larly for tho elevators. The line^ of the superior oblique tendon, 
of course, is taken as from the pulley to the insertion in the 
globe.” 

The application of these rules to the various muscle 
paralyses taken in detail is as follows : — 1 

Given a diplopia which increases in one direction 
we have — 

A. Horizontal Diplopia 

1. Increasing towards the right : — 

(a) Imago formed by the right eye further to the right : 

Might external rectus . 

(&) Image formed by the left eye to the right : 

Left internal rectus, 

2. Increasing to the left : — 

(c) Image formed by the left eye to the left : 

Left external redus. 

(d) Image formed by the right eye to tho left : 

Right internal rectus „ 

B. Vertical Diplopias 
Separation increasing upwards. 
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1. Bight eye’s image above : — 

An elevator of the right eye affected. 

(e) Vertical separation greater up and to the right 
than up and to the left : Right superior rectus. 

(/) Separation greyer up and to the left than up and 
to the right : Right inferior oblique. 

2. Left eye’s image above : — 

An clevatqj of the left eye affected. 

(g) Separation greater up and to the left than up and 

to the right : Left superior rectus. 

(h) Separation greater up and to tho right than up and 

to the left : Left inferior oblique, . 

Separation increasing downwards. 

1. Bight eye’s image below : — 

A depressor of the right eye affected. 

{ i ) Separation greater dQwn and to the right than 
down and to tho left : Right inferior rectus, 

(j) Separation greater down and to the left than down 
and to the right : Right superior oblique, 

2. Left eye’s image below : — 

A depressor of the left eye affected. 

(7c) Separation greater down and to tho loft than down 
and to tho right : Left inferior rectus. 

(1) Separation greater down and to the right than down 
and to the left : Left superior oblique. 

The position of the patient’s liea<l is also of 
considerable help in detecting the paralysed muscle. 
He tries, by turning his head, to place the affected eye 
in the position in which it would be independent of 
the action of the paralysed muscle. Thus, if the face 
is turned to the left, it indicates a paralysis of the left 
external rectus or right internal rectus, and vice versa. 
If it be directed upwards, an elevator is paralysed ; if 
downwards, a depressor. 

Abnormal movements of the eye. — In- 
voluntary rhythmical contractions of the muscles of 
the eyeball not infrequently occur. The movements 
are usually symmetrical, occurring equally in both 
eyes. To these movements the term nystagmus is 
applied. 



462 


NERVOUS SYSTEM 


[chap. 


It may exist during rest, but is usually more pro- 
nounced on voluntary movement, and is then greatest 
in the plane of the movement that is made, that is, 
i ! s fl honzontal 011 lateral movement of the eyes, and 
chiefly vertical on upward of downward movement. 

In examining for nystagmus, ask the patient to 
look straight in front of him, and obse*ve whether the 
eyes remain steady. Then ask him to look to his 
extreme right, then to the left, and then upwards tind 
downwards. Observe the rate, amplitude, and rhythm 
of the nystagmoid movements in each direction. 

.. ocular palsies — In addition to 

the defects of movement due to paralysis of the in- 
dividual ocular muscles, weakness or paralysis of the 
movement of both eyes in one direction frequently' 
wcurs. Thus the patient may be unable to look to 
Sfther side, or upwards or downwards; or the power of 
convergence alone may be lost. Palsy of lateral con- 
jugate movement indicates most probably a lesion of 
the sixth nucleus of the side to which thfe movement 
is weak. The conjugate vertical palsies- are always 
associated with disease of the corpora quadrigetenia, 
01 Tf neighbourhood of the oculo-motor nuclei.' 

11 both eyes are kept persistently turned in one 
direction, the condition is spo^n of as conjugate 

1 °^® A 7 ®? - 14 18 usua % either to the right 
or to the left. Conjugate deviation of the eyes may 
e rought about either by a lesion which produces 
paralysis or by one which causes irritation or spasm, 
in the former case the eyes (and usually, also, the head) 
are turned towards the side of the lesion, provided the 
latter be in- the cerebral hemisphere. The patient, in 
fact, is said to look towards his lesion.” An irrita- 
tive lesion m a similar situation causes the deviation 
to be towards the healthy side. If, however, the 
lesion -have its seat in the pons, these rules are just 
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reversed, the deviation being towards the sound side 
in a paralytic lesion, and towardj the affected side in 
one which is irritative. 

Shew deviation of the eyes — in which, for ex- 
ample, one is directed upwards and the other down- 
wards — occurs in certain lesions of the cerebellum. 

% 

EXAMINATION OF THE PUPILS 

This important part of the investigation of a 
nervous case may be conveniently considered afc this 
stage. The following points must be noted abou^ the 
pupils in every case : — / ■ ' 

1. Size. — Compare the size of the two pupils, 
first in a briglit light and then in a dim light. Note 
whether the pupils are large or small, and whether 
any irregularity is present. It must be remembered 
that; the size of the pupil in health is subject to greSt 
variations. As a rule, the pupils are larger in dark 
eyes than, in fight. A much dilated pupil is often a 
sign of nervous exhaustion or instability. Slight in- 
equality of the pupils may also be present in perfectly 
healthy subjects. We are inclined to think that in 
such cases the left pupil is usually the larger. 

If one pupil is larger than the other, the question 
arises, Which is the normal ? This question is not 
always very easily answered, but, as a rule, the pupil 
which exhibits the less mobility is to be regarded as 
the abnormal one. 

2. Shape. — Note whether the pupil is circular in 

outline, as it should be, or whether its contour is irre- 
gular. Such irregularities may be due to adhesion of 
the iris to the lens or to the effects of an old iritis 
(see p. 528). Irregularity in shape of the pupil is 
often an early symptom in general .paralysis of the 
insane. ' 

3. Mobility, (a) Reaction to light. — This # is 
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a reflex action. The aflerent fibres involved are con- 
tained in the optic #erve, the intermediate station is 
in the corpora quaarigemina, and the efferent fibres 
pass by the 3rd nerve, through the ciliary ganglion^- 
to the pupil-sphincter. * 

Test . — Examine each eye separately. Place the 
patient opposite a bright light, be su?e his accommo- 
dation is relaxed, and cover the eye with the hand. 
Leave it covered for about half a minute, then with- 
draw the hand and watch the- pupil. It should con- 
tract almost immediately, then dilate again a little, 
and, after undergoing slight oscillations, settle down 
to, its normal size. 

The test may also be carried out by concentrating^ 
light upon the pupil by means of a mirror or lens, just 
as one does in testing the light perception.* 

Owing to the decussation of some of the fibres of 
the optic nerves at the chiasma, light acting upon one 
eye affects the centre for pupil contraction of the other 
eye as well as that on its own side. It is probable that 
fibres pass directly between the centres" for the two 
3rd nerves which aid in bringing about this result. 
As a consequence, one finds that if light be shut off 
6jpm one eye both pupils dilate, and if bright light be 
made to enter one eye both pupils, contract. This is 
known as the consensual reaction of the pupils. It 
should be tested by keeping one eye in the shade while 
light is thrown into the other. The effect on the pupil 
of the shaded' eye is then observed. 

Lesions of the optic nerve of the mid-brain, or of 
the oculo-motor nerve or its nucleus, interfere with 
this reflex contraction of the pupil to light. 

* A convenient method is to throw the light 'on the pupil by 
the mirror of an ophthalmoscope with a + 8 lens behind. Look- 
ing through the lens one gets a magnified view of the pupil, and 
sm^ll changes in it can be more easily observed, 
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Wernicke's Tiemiopic pupil reaction may be montionod here, 
Hemianopia, as we have seen, may be due to a lesion of the 
optic tract between the chiasma and the corpora quadrigemina, 
or it may be produced by destruction of the optic fibres between 
the corpora quadrigemina and the occipital cortex, or it may bo 
due to lesion in the cortical’visual centres themselves. 

If the lesion be in front of the corpora quadrigemina — l.e. 
in front of the pupil centre — the reflex contraction of the pupil 
to light coming ffom the blind portion of the visual field is 
lost, whereas, if it be at any point behind that, the contrac- 
tion of the pupil to light is retained. It is upon this fact that 
Wernicke’s reaction is based. In carrying out the test the light 
must, of course, be concentrated on the blind halves of the 
retinae. Proceed as follows : Place the patient in a dark room 
with a light beside his head. Hold a large plane mirror in the 
left hand, and by means of it illuminate both pupils and observe 
their size. Then take an ordinary ophthalmoscopic mirror in the 
right hand and direct a strong beam of light on to the blind side 
Of the retinae. If the lesion be in front of the corpora quadri- 
gemina np contraction of the pupils should result; if behind 
that, they become smaller. Lately, considerable doubt has 
been thrown on the occurrence of Wernicke’s reaction under 
any circumstances. 

(b) Reaction to accommodation. — As is well 
known, the pupils become smaller on accommodating 
for a near object. It is really more correct to speak of 
reaction on convergence , as it is found that it is the con- 
vergence of the eyes, not the mere effort of accommo- 
dation, which causes the pupil to become smaller, 

Testf.— -Hold up one finger close to the patient’s 
nose. Ask him to look away at a distant object. Then 
suddenly tell him to look at your finger. As the eyes 
converge to accomplish this the pupils should become 
decidedly smaller, 

i If the patient be unable to see, the test may still be 
carried out by getting him to hold up his own finder 
about a foot in front of his face, and then asking Mm 
to direct his eyes to it. 

Argyll-Robertson pupil , — This is the term applied 
to the condition of pupil usually observed in locomotor 
2 u 
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ataxy, but also found sometimes in general paralysis 
and other degenerative diseases of the nervous system^ 
especially syphilitic. It reacts to accommodation, b 1 
not to light. Sometimes the reaction to light is not e&s 
tirely absent, but takes place in a very sluggish fashion. 

(c) Cilio-spinal reflex.— Dilatation of the pupil 
can often be observed to follow irritation of the slan 
of the neck either by pinching or by the action of a 
faradic current. It is due to stimulation of the pupil- 
dilating fibres in the cervical sympathetic (p. 479), and 
is abolished in lesions of that nerve. 

Abnormal movements of the pupil. — The term 
hi'P'pus is applied to the alternate cpntractioa and dila 
tation of the pupil, which can sdfptimes be observe^ 
going on rhythmically (see p. 52S). k 

Fifth Nerve 

Anatomy. — 1. The sensory root takes origin from the 
cells of the Gasserian ganglion and enters the lateral surface of 
the pons at about its middle. Its fibres terminate in a large 
nucleus in the pons, situated in the floor of the 4th ventricle 
and lying externally to the motor nucleus, and partly also 
in the ** descending ” or bulbo-spinal root, which begins as low 
down as the 2nd cervical segment of the cord. Immediately 
beyond the Gasserian gangfion the nerve separates into its 
three divisions. 

The first or ophthalmic division supplies the eyeball, 
conjunctiva (except that of the lower lid), and lachrymal gland, 
the mesial part of the skin of the nose as far as the tip, the 
upper eyelids, the forehead, and the scalp as far as the vertex. 

Paralysis of this division results in loss of sensi- 
bility in the area of skin and mucous membrane 
supplied, and in trophic changes in the eyeball. The 
conjunctival reflex is abolished. 

The second or superior maxillary division supplies 
the cheek, the front of the temple, the lower eyelid and its 
conjunctiva, the side of the nose, the upper lip, the upper teeth, 
the lining membrane of the nose, the upper part of the pharynx, 
the roof of the mouth, the soft palate, and the tonsils* 
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Paralysis of tliis division leads to abolition of 
sensibility in the above area, and loss of the palate 
reflex. 

The third or inferior jnaxillary division is joined by 
the motor root. It supplies sensation to the lower part of the 
face, the lower lip, the side of the head, the ear, the tongue, and 
the lower teeth. It supplies also the salivary glands and, 
through the mot#r 
division, the mus- 
cles of mastication, 
the tensor tym- 
pani, and also, per- 
haps, the tensor 
palati, although 
many believe that 
this muscle is in- 
nervated by the 
spinal accessory. 

2. Motor 
root. — This takes 
origin in a small 
nucleus lying inter- 
nally to the chief 
sensory nucleus, 
and partly also 
from the mesence- 
phalic root, which 
arises in nerve cells 

scattered around pjg 4 J25. — Distribution of sensory loss in com- 
the aqueduct 01 plete paralysis of the 5 th nerve. The shaded 

Sylvius. It emerges urea represents complete nmesthesia, th<i 

at the side of the dotted area partial, and chiefly loss to light 

pons, just in front 

of the sensory division, passes underneath the Gasserian 
ganglion, and joins the inferior maxillary division, to which 
it gives its motor fibres. 

Paralysis of the whole 5th nerve leads to loss of 
sensation in the areas of skin and mucous membrane 
above mentioned, and to defective power of chew- 
ing. (Fig. 125.) Trophic lesions may be present, and 
the salivary, buccal, and lachrymal secretions much 
diminished; and the sense of taste is occasionally 
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abolished on the anterior two-thirds of tht* same side 
of the tongue. 

One curiolis result of the sensory paralysis is that 
the patient, when drinking, imagines that the cup is 
broken, as he only feels it on one side of his mouth. 

How to test the fifth nerve. 1. Motor func- 
tions, — -Ask the patient to clench his*tecth while the 
observer keeps his hands on the temporal and then on 
the masseter muscles. These should stand out with 
equal prominence on each side. If there be paralysis 
on one side, the muscles on that side will fail to 
become prominent. On opening the mouth the jaw 
deviates towards the paralysed side, beijig pushed over, 
by the healthy external pterygoid muscles. The con- 
dition of the tensor tympani muscle cannot be satis- 
factorily examined except by noting whether there is 
any, difficulty in hearing notes of a particular pitch — 
i.e. a diminution in the “ field of hearing.” 

2. Sensory functions. — The common sensibility 
of the area supplied is tested in the usual way (p. 493). 

Taste . — In suspected lesions of the 5th nerve the sense 
of taste Should always be examined, as it seems probable that 
in certain cases at least taste fibres from the anterior two- 
thirds of the tongue reach the brain through the 5th nerve. 
As a rule, however, they pass from the lingual nerve into the 
chorda tympani, and thence through the geniculate ganglion 
and the nervus intermedius of Wrisberg into the medulla 
oblongata. The taste fibres from the posterior third of the 
tongue enter by the glosso-pharvngeal nerve, and probably 
terminate in the same centre in the medulla as those that enter 
by the nervus intermedius. 

The higher connections of this primary gustatory centre are 
not accurately known in man, but it is probable that a cortical 
centre exists in the tip of the temporo-sphenoidal lobe. 

How to test the sense of taste . — Have some sugar, 
some quinine, and some salt, all in powder. Ask the 
patient to put out his tongue and to keep it out until 
the conclusion of the test. Many men, especially 
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smokers, ate unable to taste on the protruded tongue ; 
the tongue should be then drawn in, but the mouth 
kept open in order to avoid spread of the test sub- 
stances. Place some sugar on the tongue, rub it gently 
in, and ask him, “ Is that salt ? ” If taste is normal 
he will shake his head. In this way all the substances 
are tried, first t>n the anterior part of the tongue and 
then at the back. A weak galvanic current is also a 
useful test. It should produce a sort of metallic taste. 

Another plan is to use strong solutions of sugar 
and common salt, and weak solutions of citric acid 
and quinine.' These are applied by a , glass^rod to 
the surface of the protruded tongue,- and if the 
taste is recognized the patient writes down “sweet , 55 
“salt , 55 “sour , 55 or “bitter , 55 as the case may be, 
without withdrawing the tongue. After each test 
the mouth must be rinsed. The quinine test should 
be applied last, as its effect is more permanent than 
that of the others. 

Loss of taste may, of course, arise from lesions of 
the taste fibres in any part of their course above stated. 

In addition to loss of taste, one should always ask 
the patient whether he has any abnormal taste sensa- 
tions. 

Seventh Nerve 

Anatomy . — The course of the fibres from the cortical centre 
to the nucleus of this nerve has already been described (p. 4X3). 
The nucleus is situated in the pons externally to that of the 
6th nerve. On leaving the nucleus the fibres wind round the 
nucleus of the 6th, and finally emerge mesially to the 8th 
nerve, between the olive and restiform bodies. 

The nerve lies in close contact with the 8th, so that a 
lesion of the one at this part can hardly avoid injuring the 
other, and enters the internal auditory meatus along with it. 
During its course in the aqueduct of Fallopius it gives off a 
branch to the stapedius muscle, and is joined by the chorda 
tympani, which contains taste fibres from the anterior two- 
thirds of the tongue. In this part of its course the nerve is 
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exposed to the effects of pressure, owing to its being enclosed 
in a bony tube. It emerges at a point opposite the junction of 
the anterior border of the mastoid with the ear, and spreads 
out on the side of the face to supply its muscles. In this part 
of its course it seems to be peculiarly liable to the effects of 
exposure to cold. 

Functions. — The 7th is a purely motor nerve. 
It supplies all the muscles of the fkce and scalp, 
except the levator palpebrse superioris. It also sup- 
plies the platysma. 

Effects of paralysis. — These are usually at 
once seen on looking at the patient. The aff ected side 
of the face has lost its expression. The naso-labial 
fold is less pronounced than on the other side. The 
furrows of the brow are smoothed out, the eye is more 
widely open than the other, and the mouth is some- 
what drawn to the healthy side. The patient is unable 
to whistle, food is apt to collect between his teeth and 
his gums, and saliva and any fluid he drinks may 
escape from the affected angle of the mouth. 

How to test the seventh nerve. — 1. Ask 
the patient to shut his eyes as tightly as ever he can. 
Note that the affected eye is either not closed at all — 
in which case the eyeball rolls upwards to make up for 
the failure of the lid to descend — or, if the eye is closed, 
the eyelashes are not so far rolled in as on the healthy 
side. Try also forcibly to open the eyes while the 
patient attempts to keep them closed. If the orbicu- 
laris is acting normally, it should be almost impossible 
to open the eye against the patient’s wish. If the 
muscle be partially paralysed, however, the exertion of 
very little force may suffice to open it. 

The effort made in screwing the eyes tightly shut 
causes the comers of the mouth to be drawn upwards. 
In paralysis of the lower part of the face the comer 
on the affected side is either not drawn up at all, or at 
all events pot so much as on the healthy side. 
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2. Ask the patient to whistle. He is unable to do so. 

3. Ask him to smile or show his upper teeth. The 
mouth is then drawn to the healthy side. 

Signs of paralyses of the facial nerve in 
different parts of its course. — Paralysis of the 
face presents different symptoms according as the 
lesion is situate above the nucleus, or either at the 
nucleus* or below it. The former constitutes what is 
known as cerebral or supranuclear facial paralysis, the 
latter produces peripheral or intranuclear paralysis. 

The chief difference between the two forms is that 
in supranuclear paralysis the lower part of the face 
is chiefly affected; in infranuclear paralysis both 
the upper and lower parts are equally involved. The 
probable explanation of this is that the two orbicularis 
palpebrarum muscles are so often required to act to- 
gether that each is supplied from both sides of the 
brain, and consequently a unilateral lesion only par- 
tially cuts off the nerve impulses to one side. We have 
already described what is meant by “ crossed para- 
lysis,” and the part which the facial plays in it. 

Infranuclear facial paralysis may be produced by 
a lesion of the nucleus itself, of the nerve trunk 
inside the aqueduct, or of the nerve trunk either after 
its emergence from the aqueduct or before it has 
entered it. 

A lesion inside the aqueduct— unless it be towards 
the outer end of the latter — involves the fibres of the 
chorda tympani, and therefore produces a paralysis of 
taste sensation in the anterior two-thirds of the tongue. 
A lesion in any of the 'other situations produces a 
typical complete facial paralysis (Bell's paralysis). 

A lesion of the nerve before it has entered the 
aqueduct can be distinguished from a lesion below the 
stylo-mastoid foramen by the fact that in the former 
condition the stapedius muscle is paralysed (causing 
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excessive sensitiveness to loud sounds, or “ hyper- 
^cusis ”), while in the latter it escapes. Never omit, 
therefore, in a case of facial paralysis to inquire regard- 
ing the patient’s sensitiveness to loud sounds. 

Lesions of the nucleus or the nerve below it will 
result in atrophy of the facial muscles and the appear- 
ance in them of the reaction of degeneration (p. 522). 
Supranuclear lesions do not produce this effect. 

Abnormal facial movements. — The muscles 
supplied by the facial nerve are frequently affected by 
spasm or spasmodic movements. These may involve 
all the facial muscles, or groups of them only. The 
spasm may be' of either the clonic or tonic variety (p. 
487). The nature of the movements, if present, their ' 
extent and the muscles affected by them, should 
always be carefully noted. 

, Eighth Nerve (Auditory) 

Anatomy . — This nerve consists of two sets of fibres. One sot 
supplies the cochlea, and subserves the function of hearing ; 
the other part supplies the vestibule and semicircular canal, 
and is the nerve of equilibration. The auditory fibres, which 
arise from the cochlear ganglion, enter the brain laterally to 
the corpus restiforme and form the dorsal root of the*8th 
nerve ; they terminate in the ventral cochlear nucleus and in 
the tuberculum acusticum. The vestibular fibres fake origin 
from the vestibular ganglion, and terminate in a nucleus 
placed laterally in the floor of the 4th ventricle ; they enter 
the medulla mesially to the corpus restiforme* and therefore 
form the ventral root of the 8th nerve. 

The secondary auditory tracts, after piaHial decussation, 
terminate in the posterior corpora jqusdrigemina and the 
median geniculate bodies, and another system that takes origin 
from^these passes through the in^rnaf dapsule to the cortical 
centre for hearing, in the 1st and 2nd temporo-sphenoidal 
convolutions. Sounds received in' one ear probably reach the 
opposite hemisphere of the brain predominantly, but owing to 
the partial decussation of the secondary auditory tracts a uni- 
lateral cerebral lesion cannot produce deafness in one ear. 

The vestibular nerve is closely connected with the cere- 
bellum./ Nothing & known of its cetebral connections. 
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Test . 1. Hearing*. — Before testing a patient’s 

power of hearing it is well to exclude the presence of 
wax in the ear (see p. 542). This being disposed of, 
one can test the hearing .power by means of a watch. 
Stand behind the patient and ask him to shut his eyes. 
Begin outside the probable range of hearing power, 
and bring the Watch gradually nearer the ear, asking 
the patient to speak whenever he hears the tick. One 
requires, of course, to know at what distance the tick 
should be audible to a healthy ear. It is necessary to 
test each ear separately, one being closed whilst the 
other is being examined. * 

If impairment of hearing be detected, one must 
next try to ascertain whether it is really due to disease 
of the auditory nerve or merely to some affection of 
the middle ear. In order to settle this point, the, 
tuning-fork test may be employed. When the fork 
is beating strongly, hold it opposite the ear ; if it can 
be heard, then place its base on the mastoid process in 
order to determine if its vibrations can be heard when 
conducted through bone. If the patient succeeds in 
this, ask him to compare the relative loudness of the 
fork when heard through air and through bone, or 
to determine which can be heard the longer as the 
vibrations die out. This is Rinne’s test. Normally, 
aerially conducted sounds are louder to the patient 
than when conducted through bone. In . middle-ear 
disease, aerial conduction is diminished or lost, while 
bone conduction remains more or less normal. When 
the auditory nerve is affected, both air and bone con- 
duction are diminished 'or lost. 

Weber's test, though less reliable than Einne’s, 
should also be used. Strike a tuning-fork and place 
the erLd of it against the centre of the patient’s fore- 
head. If the deafness discovered by the watch be due 
to an affection of the middle ear, the patient will hear 
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the tuning-fork louder on that side than on the healthy 
one. On the other hand, if the deafness be due to 
disease of the auditory nerve, the tuning-fork will only 
be heard on the healthy side. The test may also be 
carried out by means of the watch. In affections of 
the nerve, the watch is not heard even when pressed 
against the ear ; in disease of the middle ear, it is 
heard even more loudly than when similarly applied 
to the healthy side. The explanation of these facts is 
not yet clearly made out, nor are they invariably trust- 
worthy. They hold good, however, for a majority of 
cases. Other points in favour of the deafness being 
due to the nerve and not to the middip ear are, (a) if 
the hearing is better in a quiet place, (&) if conversation 
is heard better than the watch, ( c ) if inflation of the 
middle ear renders the hearing worse. 

Abnormal auditory sensations. — The patient may 
complain of “ ringing in the ears,” or tinnitus. The 
precise character of the sound varies in different cases. 
It may be of a humming, buzzing, hammering, or 
whistling character. The presence or absence of this 
symptom should always be inquired for, and whether 
it is constantly present or in what circumstances it 
comes on. 

Hyperesthesia of the auditory nerve (hyperacusis), 
by which even slight sounds are heard with painful 
intensity, sometimes occurs, especially in hysteria and 
in lesions of the facial nerve above or in the aqueduct, 
owing to paralysis of the stapedius muscle. 

Hallucinations of sound may also be present, the 
patient fancying that he hears voices, bells, etc. These 
occur chiefly in states of mental disturbance, but they 
have been occasionally observed with lesions of the 
cerebral auditory centre, 

2. Vertigo. — The patient will describe this as 
giddiness or dizziness. In order to constitute true 
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vertigo, external objects should seem to move round 
him. Ask if this is so, and, if it is, in what direction 
the objects seem to move. Ask also whether the 
vertigo ever causes him t # o fall to the ground. 

Vertigo may be due to paralysis of one of the ocular 
muscles, to an affection of the ear or vestibular nerve, 
to loss of muscular or common sensibility, especially 
in the lower extremities, or to states of intoxication. 
When a patient complains of vertigo as his chief 
symptom, one should therefore examine carefully for 
squint, for disease of the outer and middle ear, and 
for signs of disease of the 8th nerve. One should also 
investigate the, condition of muscular and common 
sensibility, and inquire for symptoms pointing to 
gastric disturbance. 

Ninth (Glosso-Pharyngeal), Tenth (Vagus), and 
Eleventh (Spinal Accessory) Nerves 

Anatomy . — These arise in order from above downwards 
from an elongated nucleus in the floor of the 4th ventricle. 
They emerge by several roots along the lateral aspect of the 
medulla, beginning above in the groove between the olive and 
restiform bodies. The spinal part of the 11th emerges from 
the lateral column of the cord, beginning as low as the 6th 
cervical nerve ; it passes up through the foramen magnum to 
join the medullary (accessory) part, and emerges with it 
through the jugular foramen. After its emergence the two 
* divisions of it again part company, the medullary or accessory 
portion joining the vagus. 

Tbe ninth (glosso-pharyngeal) is sensory for tke 
. posterior third of the tongue and for the mucous mem- 
brane of the pharynx. It is motor for the middle con- 
strictor of the pharynx and for the stylo-pharyngeus. 
In contains the taste fibres for the posterior part of 
the tongue (see p. 468), 

How to test the glosso-pharyngeal. — The 9th 
nerve is rarely paralysed alone. Paralysis of it can 
only be diagnosed by examining its sensory functions. 
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Examine the power of taste in the posterior part of 
the tongue (p. 468). Loss of it may mean paralysis 
of the trunk of the glosso-pharyngeal nerve. 

Tickle the back of the pharynx, and note if the 
reflex is present. 

The tenth (vagus) is motor for the soft palate 
(with the exception of the tensor palati), pharynx, and 
larynx. It is also sensory and motor for the* respira- 
tory passages, the heart, and (through the sympa- 
thetic ganglia) for most of the abdominal viscera. 

The fibres for the soft palate and larynx take origin 
in the nucleus ambiguus, emerge in the upper roots of 
the 11th, reach the pharyngeal plexus, and thence 1 
pass to the muscles of the palate, the constrictors of 
the pharynx, and to the larynx. 

The viscero-motor and the cardio-inhibitory fibres 
are derived from the dorsal vagus nucleus in the floor 
of the 4th ventricle. 

How ter test the vagus. — Paralysis of the vagus 
is chiefly evidenced in its palatine and laryngeal 
branches. 

1. The palate. — Ask the patient whether he is 
troubled with the regurgitation of fluids through his 
nose when he tries to swallow. This is a common 
occurrence in total paralysis of the soft palate, owing 
to defective elevation of it during swallowing. For a 
similar reason the patient is unable to pronounce 
words which require complete closure of the naso- 
pharynx. Thus “egg” is sounded as “eng,” “rub” 
^becomes “rum,” and so on. In unilateral paralysis 
these symptoms are not observed. 

For direct examination of the soft palate, place the 
patient facing the light with his mouth open, and intro- 
duce a tongue depressor. The position of the uvula 
i^ qui.te imreliable as a guide to the state of the soft^ 
palate, al|deviation of it is not uncommon even 
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health. One must watch the movements of the palate 
during phonation. Ask the patient, therefore, to say 
Ah , and observe whether both sides of the palate arch 
upwards ; in health a sort of depression appears in the 
centre of the palate when*the patient says Ah. If one 
side be paralysed, that side will remain flat and immo- 
bile, and the median raphe will be pulled towards the 
other side. The manner in which the palate rises in 
such a case has been compared to the ascent of a 
curtain of which one string is broken. In bilateral 
paralysis the whole palate remains motionless. 

2. The larynx. — The superior laryngeal branch of 
the vagus is sensory for the larynx above the level 
of the true cords, and is motor for the crico-thyroid 
muscle. Unilateral paralysis of the nerve does not 
produce any symptoms. Bilateral paralysis causes 
the vq$jal cords to be relaxed. The voice is therefore 
hoarse and deep, and the utterance of high notes 
impossible. 

The recurrent laryngeal branch supplies sensation 
to the larynx below the level of the cords, and ‘motor 
fibres to all the laryngeal muscles except the crico- 
thyroid. Paralysis of it leads to appearances which 
are recognized by the laryngoscope, and are described 
at p. 550/ 

The eleventh nerve* Anatomy .— The accessory 
part of this nerve gives to the vagus motor fibres for the 
larynx and pharynx. The spinal part of the nerve dips be- 
neath the sterno-mastoid muscle about one inch below the 
tip of the mastoid process, and emerges from underneath 
that muscle again at about the middle of its posterior bord#i 
It supplies the sterno-mastoid and trapezius, which are also 
supplied by twigs from the cervical plexus. Lesions of the 
11th nerve, therefore, lead to paralysis of these muscles. 

How to test the spinal accessory , — Paralysis 
of the upper part of the trapezius is evinced by 
; asking the patient to shrug his shoulders while the 
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observer offers passive resistance by pressing on the 
shoulders from behind. Paralysis of the sterno -mas- 
toid causes difficulty in rotation of the chin towards 
the opposite side. 

Twelfth or Hypoglossal Nerve 

Anatomy . — The 12th nerve arises from a nucleus in the 
lower part of the floor of the 4th ventricle, close to tho 
middle line. It emerges between the anterior pyramid and 
the olive. It is a purely motor nerve, supplying the tongue 
and the depressors of the hyoid bone. Its cortical centre is in 
the lower part of the ascending frontal convolution. 

Test. — Ask the patient to put out his tongue as 
far as possible. If the hypoglossal be paralysed, the 
tongue, instead of being protruded straight, is pushed 
over to the paralysed side. Be careful not to mistake 
an apparent deviation of the tongue, really due to the 
mouth being twisted to one side, for a real deviation 
of it. Such an apparent deviation occurs in facial 
paralysis. Ask him also to move his tongue from side 
to side, and to lick each cheek with it ; observe 
whether he can do so freely. Note whether there is 
any wasting of the tongue, and whether there is any 
tremor or fibrillary twitching in it. The presence 
of wasting indicates that the lesion is either nuclear 
or intranuclear. 

Paralysis of the cervical sympathetic may 

be conveniently considered here. A complete descrip- 
tion of the functions and distribution of the nerve, 
however, is not necessary in such a work as this. For 
purposes of diagnosis the fibres supplied to the eyeball 
are alone of importance. These take origin in the 
lower cervical and upper dorsal regions of the spinal 
cord (cilio-spinal centre), from which the fibres emerge 
in the last cervical and first dorsal nerve roots and pass 
to the- sympathetic cord by the rami communicantes. 
From the cervical sympathetic cord the fibres pass 
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along the internal carotid to the cavernous plexus, and 
thence via the ophthalmic division of the 5th to the 
eyeball. They convey the impulses which cause dila- 
tation of the pupil, and supply also the unstriped 
muscle in the insertion of the levator palpebrse into 
the upper lid. Paralysis of the cervical sympathetic 
is recognized b&the following signs : Some recession of 
the eyeball, so that the eye looks smaller than its 
fellow ; slight drooping of the upper lid, due to para- 
lysis of the unstriped muscle fibres contained in it ; 
contraction of the pupil with absence of dilatation on 
shading the eye or on instillation of cocaine ; abolition 
of the cilio-spinal reflex ; less commonly, absence of 
sweating, even*after the use of pilocarpin, on the cor- 
responding half of the head and neck both in front 
and behind extending as low as the 3rd rib and 3rd 
dorsal spine, and over the whole of the upper limb on 
the same side.* 

IY. MOTOE FUNCTIONS 

In investigating the motor functions of a patient, 
one has to satisfy oneself on four separate points : — 

1. Is there any muscular paralysis or weak- 

ness ? 

2. Can the patient co-ordinate his actions 

normally ? 

3. What is the state of nutrition of his 

muscles ? 

4. Is there any abnormal muscular movement ? 

1. Investigation of Motor Power 

The first thing to be noted as regards the patient's 
voluntary power is whether or not he is capable of 

* Sweating of the face can best be induced by makifig the 
patient smell mustard. 
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performing gross muscular movements* Can lie 
walk ? Can he sit up in bed % Can he move each of 
his limbs as a whole ? 

These main points having been determined, it may 
be necessary to investigate the range of the movements 
that the patient can make, and the strength of the 
principal muscles and groups of muscles separately. 

The general rule for one's guidance in thk investi- 
gation is to ask the patient to throw into action the 
particular muscle or group of muscles which one 
wishes to test, whilst the observer offers to that action 
a greater or less degree of passive resistance. The 
following is the method of procedure : — 

i. Upper limp. Flexors of fingers, — Ask the 
patient, to squeeze your hand. If a* record of the 
power of grasp be. desired, that can be compared 
with the result yielded in similar circumstances on 
another occasion, one should make use of the 
dynamometer. 

Interossei and lumbricales. — Paralysis of these 
muscles gives rise in cases of some standing to a pecu- 
liar position of the hand known as “ main en griff e” 
or claw-hand. The above-mentioned muscles produce 
flexion of the first phalanges on the mctacarpals and 
extension of the other two phalanges. Paralysis of 
them produces, by over-action of the long flexors and 
extensors of the fingers, over-extension of the first 
phalanges and flexion of the other two. The fingers 
are also slightly separated from one another. Claw- 
hand occurs in some cases of progressive muscular 
atrophy ; and, in a partial form, in paralysis of the 
ulnar nerve. Claw-foot is an analogous condition. 

O'p'ponens 'pollicis. — Ask the patient to touch 
the tip 'of* Ms little finger with the point of his 
thurq$). 

Adductor of thumb. — Ask the patient to grasp a; 
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book between the forefinger and thumb, keeping the 
thumb and fingers in the same plane. 

Flexors of wrist. — The hand being held with the 
palm upwards, ask him, to bring the points of his 
fingers towards the front of the forearm. 

Extensors of wrist. — The hand being held with the 
palm downwards, the observer grasps the patient’s 
wrist ai*d asks him to bend the hand up backwards as 
far as possible. The fingers should be at the same 
time held flexed, as the wrist can be extended by con- 
traction of the long extensors of the fingers. If he 
be unable to produce dorsiflexion of the wrist, some 
weakness or paralysis of the extensors is present. 

Blight weakness of the extensors of the wrist may 
be elicited by asking the patient to grasp something 
firmly in his hand. If the extensors be weak the 
wrist becomes flexed as he does so, owing to the flexor 
muscles getting the better of the extensors. 

Weakness or paralysis of the extensors of the wrist 
leads to the condition known as wrist-drop. 

Supinator longus . — Place the arm midway between 
the prone and supine positions ; then ask the patient 
to bend up the forearm whilst the observer offers 
opposition to the act by grasping the hand. If the 
muscle be healthy, it will be seen and felt to stand 
out prominently at its upper part. 

Biceps. — The patient’s elbow being held against his 
side, ask him to bend up the forearm while opposition 
is offered by grasping the hand or wrist. If the biceps 
be healthy, it will be observed to stand out promi- 
nently as it contracts. 

The triceps is tested by asking the patient to 
straighten out his forearm whilst the observer 
endeavours to keep it flexed by means of passive 
resistance. 

Deltoid. — Ask the patient to lift his arms straight 

2 F 
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out at riglit angles to the trunk. In paralysis of the 
deltoid he is unable to do so. 

Pectorals , — Ask the patient to stretch his arms 
out in front of him, ancT the '4 to clap his hands while 
the observer endeavours to hold them apart. Note 
whether both heads of the muscle are thrown into 
contraction or not. 

Serratus magnus .— Ask the patient to push against 
resistance. In a healthy condition of the muscle its 
various digitations will be seen to stand out in con- 
traction, whilst the scapula will remain in close apposi- 
tion to the chest wall. If the muscle be paralysed, 
the posterior border and inferior angle ; of the scapula 
will come to project more or less when the patient 
pushes. 

Latissimus dorsi . — Ask the patient to clasp his 
hands behind his back while the observer, standing 
behind the patient, offers passive resistance to the 
downward and backward movement ; or grasp the two 
posterior axillary folds and ask the patient- to cough. 
In health the latissimus can be felt to contract. 

ii. Trunk muscles. — Weakness of the muscles 
of the abdomen is indicated by the patient being 
unable to raise himself in bed without the aid of his 
arms.* To test the erector spina and muscles of the 
4 | back, make the patient lie on his face and try to raise 
his head from the bed by extending the neck and 
back. If thp back muscles are healthy, they will 
be seen to stand out prominently during this effort. 

The method of detecting paralysis of the diaphragm 
has already been described (pp. 263, 267). 

The trapezius is tested in its upper part by asking 

* Babinski’s “ rising-up sign” consists in making the patient 
lie on Ms back with the legs extended and rise up without using 
Ms hands. In organic spastic paralysis of a leg the affected limb 
will rise first, owing to the rigidity ; but hx functional this 
does not occur. , 



IX] MUSCLES OF LOWER LIMB 483 

the patient to shrug his shoulders while the observer 
tries to press them down from behind. In its lower 
part it can be tested by asking him to approximate 
the shoulder-blades. # 

iii. The head muscles. — For the methods of 
detecting weakness or paralysis in the muscles of the 
head, the reader is referred to the section dealing with 
the instigation of the Cranial Nerves (p. 441). 

iv. The lower ]iml>. — The muscles of the foot 
are tested on the same lines as the corresponding 
muscles of the hand — passive resistance being offered 
to their action in each case. 

j Extensors of knee. — Bend up the patient’s knee, 
and then, pressing with your hand on the sole of his 
foot, ask him to try to straighten it out again. 

Flexors of knee . — Turn the patient on his face, and 
then ask him to bend up the knee whilst the observer 
endeavours to hold it down by pressing upon the 
back of the ankle. 

Extensors of thigh. — The knee being extended, lift 
the patient’s foot off the bed, and ask him to depress 
it against resistance. If the extensors of the hip are 
paralysed he will be unable to do so. 

Flexors of thigh. — The knee being extended, ask 
the patient to raise his leg off the bed. 

The adductors of the thigh are tested by abducting 
the limb and then asking the patient to bring it back 
to the middle line while passive opposition is offered 
to the act. In a similar way the abductors are 
tested by bringing the limb' across the middle line and 
then asking the patient to move it outwards again. 

Rotators of the thigh . — Turn the patient on his face, 
and bend the knee to a right angle. Then ask him to 
roll the leg outwards or inwards, whilst passive resist- 
ance is offered by grasping the foot. 

If, on carrying out any of these tests, a muscle *01 
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group of muscles be found to have only a feeble power 
of contraction, paresis of it is said to be present. If 
no contraction be elicited at all, the condition is one 
of paralysis. r 

The term hemiplegia is applied to a condition in 
which there is paralysis of one side of the face, and of 
the arm and leg on the same side. If the paralysis 
of the arm and leg be on one side, and that of the face 
on the other, the condition is one of crossed paralysis. 
The term paraplegia is applied to a paralysis of the 
lower part of the body ; the term monoplegia to a 
paralysis of one arm (which is therefore characterized 
as a brachial monoplegia), one leg (cruml monoplegia), 
or one side of the face (facial monoplegia). 

The detection of paralysis, and still more of paresis, 
in a patient who is comatose is often a very difficult 
matter. It is to be observed, however, that, if the 
paralysis is of recent onset, in such a patient one can 
usually detect a greater degree of limpness in the para- 
lysed limb. If the arm, for example, be raised from 
the patient’s side and allowed to drop, it falls, if it be 
paralysed, just as if it did not belong to him ; the 
sound arm also falls, but not in such an utterly 
limp fashion. The distinction, however, is often by 
no means easy. 

2. Investigation of Muscular Co-ordination 

By muscular co-ordination is meant the co-opera- 
tion of separate muscles, or groups of muscles, in order 
to accomplish a definite act. If such co-operation be 
absent or imperfect, the performance o;f certain acts 
becomes difficult or impossible, and the condition is 
then said to be one of inco-ordination. The term 
ataxia or ataxy has a similar meaning. 

The co-ordination or harmonious action of groups 
of muscles is the product of various factors, among the 
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chief of which are the afferent impulses coming from 
the muscles that never reach consciousness and those 
on which the sense of position of the limbs depends ; 
the state of tone of the muscles, and in some acts, 
perhaps, cutaneous sensibility. When inco-ordination 
is present it is not always easy to say which of these 
factors is at fault. The movements that constitute 
an act#can be controlled and directed by vision, but 
sight itself is not concerned in the co-ordination of 
movements. When, however, there is loss of the 
sense of position, the sensory defect may be compen- 
sated by vision, and the disturbance of movement 
may become apparent only when the eyes are closed 
or bandaged, or in the dark. This disturbance, which 
occurs in tabes dorsalis and other conditions, is some- 
times spoken of as inco-ordination, but it is not pro- 
perly included in this term. 

flow to test co-ordination. 1 . In the upper 
limbs . — -Ask the patient to touch the point of his nose 
first with one forefinger and then with the other ; or 
ask him to bring the points of the two forefingers 
together. If he is able to succeed in these tests 
naturally and without making random shots, no inco- 
ordination is present. He may then be asked to per- 
form the same actions with his eyes closed ; any 
additional irregularity of the movements can be due 
only to disturbance of the sense of position. 

Another good test of co-ordination in the upper 
limb is to ask the patient to thread a needle. In this 
case, of course, the eyes must be left uncovered. 

2. In the lower limbs . — If the patient is able to 
walk, a good test for co-ordination in the lower limbs 
consists in asking him to walk along a straight line — 
e.g. a crack between two boards of the floor, or the 
edge of a carpet. If inco-ordination be present he 
wifi soon deviate to one side or the other. 
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If lie cannot walk, proceed as follows : Tlie eyes 
being covered, ask the patient, as he lies in bed, to 
touch the dorsum of one foot with the great toe of 
the other. 

Another method is to leave the eyes open, and 
then ask him to follow with his toe one/s forefinger, 
with which one describes circles in the air. If he is 
able to describe the circles accurately his power of co- 
ordination is good. 

Romberg’s sign is often regarded as a special test 
for the co-ordination of the lower limbs, but its pre- , 
sence is only evidence that the sense of position in 
these limbs is defective. The patient is made to stand 
with Ms feet close together, and if he can do so he then 
closes his eyes. If the sign be present he begins at 
once to sway about or may even fall. To elicit slight 
degrees of the phenomenon, it may be necessary to 
make the patient stand on tiptoe with Ms knees bent. ; 
The essential feature of the sign is that the patient- ' 
is more unsteady standing with his eyes closed than 
when they are open. This is due to the fact that, 
owing to deficient sensory impressions from the lower 
extremities, the patient is unable to maintain his 
attitude without the aid of vision. 

Babinski has described a special sign for cerebellar 
ataxia under the name adiadokokinesia; it consists 
in inability to execute rapidly repeated movements. 
In order to test for it the patient is asked to fiex 
Ms elbows to p, right angle and then supinate and 
pronate Ms forearms as rapidly as possible. AH nor- 
mal persons can do tMs at approximately the same 
rate, but, as a rule, slightly less rapidly with the left 
than with the right arm. When, however, adiadoko- 
kinesia is present the movements are slow, awkward, 
and incomplete, and often become impossible after a> 
few ^attempts. 
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3. State op Nutrition op the Muscles 
This is gauged roughly by palpating the muscles 
and noting whether they are. firm, as in health, or 
wasted and flabby. In spastic paralysis the muscles 
are usually more firm than normal. In the disease 
known as pseudo-hypertrophic paralysis some of the 
muscles are abnormally firm and large. This is 
especiaRy apt to be the case with the calf muscles and 
the infraspinati. Such increase in size and firmness 
must not be mistaken for a mere increased muscular 
development ; it is due to an overgrowth of tlie inter- 
stitial tissue of the muscle at the expense of the muscle 
fibres, and is r^lly a sign of disease. The finer indica- 
tions regarding muscular nutrition which are afforded 
by the use of electrical stimulation are described in 
the section on the Electrical Examination of Muscles 
and Nerves (p. 511). 

4:. Abnormal Muscular Movements 
These consist of involuntary muscular contrac- 
tions of various sorts. The first thing to note is 
whether the movements are widespread or localized. 

If they be confined to one part of the body, note 
the joints at which the movements occur, and the 
muscles or groups of muscles involved. The term 
spasm is often applied to any exaggerated and in- 
voluntary muscular contraction. The contraction 
may either be continuous, in which case it is said to be 
tonic ; or there may be a series of short contractions 
with complete or partial relaxation of the muscle in 
the intervals, and in that case they are spoken of as* 
clonic. 

A general increase of “ tone ” in the muscles is 
spoken of as hypertonia; a general diminution as 
hypotonia. Kernig’s sign is a phenomenon depend- 
ing upon the existence of an increased tonus. In order 
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to elicit it as originally described, place the patient on 
his back with the legs relaxed and extended at the 
knees. On raising him to a sitting posture the knees 
become flexed, and cannot be straightened when he 
is again laid upon his back, owing to a strong contrac- 
tion of the hamstrings. The sign is more commonly 
elicited now by flexing the thigh to ^almost a right 
angle and then trying to extend the knee (Fig. 126), 
whilst the other leg is kept flat upon the bed. If a 
positive result is obtained the hamstrings are thrown 
into contraction. Another plan is first to extend the 
knee fully, then flex the thigh on the pelvis, and 
measure the angle at the hip. (Rudolf.) 

Kernig’s sign is present in about S5 per cent, of 
all cases of meningitis, and has been found occasion- 
ally in cerebellar haemorrhage and other conditions at 
the base of the brain ; also in diseases of the upper 
motor neurones, after disuse of the lower limbs for 
some days, as in recumbency ; and in local conditions 
such as sciatica. It commonly coexists with cervical 
opisthotonos. 

The term contracture is usually applied to that 
permanent shortening of groups of muscles, often 
observed in cases of paralysis due to cerebral lesions, 
which cannot be overcome by passive movement. 
It is due to secondary fibrous changes in muscles 
which are weak or paralysed. 

Tetanic spasm is observed in its completest form 
in tetanus, strychnine poisoning, hydrophobia, and 
some kinds of hysterical fits. It may lead to a bend- 
ing of the whole body backwards (opisthotonos ) , or side- 
ways (pleurosthotonos), or forwards (emprosthotonos). 

.The term tetany is applied to a peculiar form of 
tonic spasm affecting the hands and feet. The fingers 
are pressed together, flexed at the metacarpo-phaian- 
geal joints, but extended at their phalangeal artieula- 
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tions. The thumb is tucked in under cover of the 
fingers. The hand therefore assumes a conical shape, 
and is sometimes said to be in the “ obstetric position/’ 
that being the position in which the accoucheur holds 
his hand when introducing it into the vagina. The 
wrist is also flexed. In the foot one finds marked 
flexion of the tots and anterior part of the foot, some- 
times ako of the ankle. Tetany is chiefly a disease of 



Fig, 126, — Head retraction and Kernig’s sign. 

{After a photograph by Dr. W. Thyne.) 

infancy, but is sometimes met with in adults who have 
dilatation of the stomach and in other conditions. 

Clonic spasms are of various degrees of severity. 
If very widespread they are spoken of as convulsions, 
and are seen typically in epilepsy. If the patient gives 
a history of fits, their character should be inquired 
into, following the lines laid down on p. 10. Should 
the observer be fortunate enough to witness an 
attack, he should note — 

i. The nature and distribution of the movements . — 
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Are they general, or confined to one limb or part of a 
limb % What part is first and what last affected ? 
Are the convulsions tonic or clonic ? Is there any 
struggling, arching of the back, or attitudinizing ? 
Are the abdominal muscles involved or not ? 

ii. Is there any involuntary evacuation of the blad- 
der or rectum % Is there any blood* or froth about 
the mouth ? 

iii. The state of the eyes . — Is the conjunctival reflex 
present or abolished ? Do the pupils react to light ? 
Ts there any inco-ordinate movement of the eyeballs ? 

iv. How does the patient behave after the fit ? » 

If one group of muscles be first aff opted, the spasm 

spreading to others by degrees, it indicates a spread of 
the irritation along the surface of the cortex cerebri. 
This occurs typically in Jacksonian epilepsy. 

Tremor consists of more or less rhythmical oscilla-. 
tions of any part or parts of a limb, and is due to the, 
alternate contractions of a group of muscles and its' 
antagonists. Tremor may be either fine or coarse . 1 
Fine tremor is usually more easily felt than seen. It 
occurs in exophthalmic goitre, alcoholism, and in some, 
forms of metallic poisoning. All forms of tremor are 
most easily seen by increasing the leverage at which 
the affected muscles act. Thus, tremor of the upper 
limbs is often brought out by getting the patient to 
extend his arms in front of him. In describing tremor, 
always note whether it is constantly present, or if it 
is affected in any way by voluntary muscular action. 
A}so observe its rate, the amplitude of the movements, 
and whether they are regular or irregular. Ask the 
patieut to lift a glass of water to Ms lips, or to attempt 
to follow the movements of your finger, and note 
whether the tremor is increased thereby (as it is, for 
example, in cases of disseminated sclerosis), or whether 
it is diminished or altogether abolished. 
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■ Tremor which only comes on when the patient 
attempts to use the affected muscles is described as 
intention tremor . 

Clonic contraction of individual fibres or bundles 
of fibres in a muscle is termed fibrillary twitching. 
It is seen in many cases of progressive muscular 
atrophy, and indicates an abnormal state of nutrition 
in the spinal cells connected with the affected fibres. 

To the transient flickering of a few muscle fibres 
(commonly known as “ live-flesh ” or “ live-blood ”) 
the term myokymia is applied. It is most often seen 
in the orbiculares palpebrarum, and is usually an 
indication of fatigue or debility. It also occurs as 
an independent condition, and is then more or less 
general. 

Thl term choreic is applied to involuntary move- 
ments, of a purpose-like character occurring in in- 
dividual muscles or groups of muscles. Such move- 
ments are seen most typically in chorea minor or 
St. Vitus’s dance. They consist of abrupt involun- 
tary twitchings or contractions which cause the 
patient (usually a child) to seem fidgety and unsettled. 
They are increased by mental agitation, but are often 
diminished by voluntary muscular effort. If the 
movements are limited to one side of the body the 
term hemichorea is applied. 

Choreic movements, if slight, can be elicited in two 
ways. First, one may ask the patient to hold both 
hands straight up above the head ; or, second, one 
may ask him to spread out his hands, palms down- 
wards, on the extended hands of the observed . In the 
former case it may be observed that the patient is 
unable to hdld up his hands steadily for any length of 
time ; in the latter, one may notice that little twitchy 
movements soon become evident in the patient’s 
fingers. 
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If the patient be able to write at all, one may get 
him to scrawl his name with the affected hand, and 
keep the result for purposes of comparison later. In 
this way one is able to gauge any increase or diminu- 
tion in the choreic movements. 

Tics are co-ordinated purposive acts which are 
started in the first place by some external cause, or 
by an idea. By repetition they become habitual and 
finally involuntary, without any relation to the cause 
that first excited them. They may assume various 
forms ; perhaps the most common are blinking of' 
the eyes, smacking the lips, or rotation or nodding 
of the head. They can be distinguished from other 
involuntary movements by their complexity, and 
by the fact that they always retain their purposive 
character. 

The term athetosis is used to describe a slow 
muscular contraction which leads to continuous and 
deliberate twisting movements specially affecting the 
hands and feet. 

The last point to be noted regarding any abnormal 
muscular movement is whether or not it persists 
during sleep. 

V. SENSORY EUNCTIONS 

In investigating the sensory functions of a patient, 
we have to test the acuteness of the following forms 
of sensibility : — 

1. Tactile sensibility. This includes the powers 

of appreciating touch and pressure. The ; 
^ability to localize the stimulus may be 
observed at the same time. 

2. Sensibility to pain, 

3. Thermal sensibility. 

4. The sense of position and the appreciation 

of passive movement. 
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5. The power of recognizing the siz6, shape, 

and form of objects. 

6. The power of appreciating weight. 

Other sensory faculties, as the appreciation of 
vibration and Weber’s compass test, cannot be dealt 
with here. 

In addition, ®ne has to note the presence or absence 
of any Abnormal sensations. 

At the outset it is well to explain to the patient the 
nature of the tests to be performed, so as to secure, 
as far as possible, his intelligent co-operation. The 
eyes should then be bandaged, or the part under 
examination screened from sight, and the different 
forms of sensibility tested as follows : — 

1. Tactile sensibility. — The feather end of a 
quill pen may be used as a stimulus, but for carefully 
mapping out areas of altered sensibility a small cone 
of cotton-wool is best.* It is so light that the element 
of pressure is entirely eliminated. A fine camel-hair 
brush also answers the purpose very well. If it be 
desired to test the sensibility of the skin to light 
touch over a hairy part, it is essential to shave it 
first, as the sensibility of the hairs themselves is so 
acute. 

Tell the patient to say “ Now ” as soon as he feels 
a touch. Compare corresponding points on opposite 
sides of the body, and employ every now and then a 
negative test, asking the patient if he feels you touch 
him, in order to prevent his making random replies. 
The appreciation of pressure touch should be then 
tested ; this may be done by touching him with the 
point of a finger or any blunt object. It is important 
that its temperature should not differ much from that 
of the skin, and the pressure must not be so heavy as 

* The untreated cotton-wool used by jewellers is the most 
suitable. 
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to give pain or discomfort. Ask Mm also to localize 
the stimulus by describing or in other way indicating 
the exact position of the spot touched. TMs is im- 
portant, as a patient may be able to feel the stimulus 
and yet not be able to localize it. 

Sensibility to touch may be altered in various ways. 
(1) It may be entirely abolished. TMs constitutes 
anaesthesia. If the abolition affects the whole of 
one side of the body, it is termed hemiancestliesia. If 
the existence cd ansesthesia be discovered, one must 
at once proceed to mark out its exact extent and 
boundaries. (2) Sensibility may be so altered that 
what should in health be felt as,, a mere touch, 
produces a painful impression resembling pricking 
or burning. TMs is generally called hyperaesthesia.1 
If hyperesthesia be discovered, its extent shoulr 
be carefully mapped out. Hyperesthetic spots ate 
sometimes met with, especially in hysterical patients. 
The commonest sites for these are over the brim of the 
pelvis, in the inframammary region, along, the verte- 
bral column, and on the scalp. Pressure on such 
spofg may sometimes induce hysterical fits.. If that 
occurs, the spots are spoken of as “ hysterogenetid.” 
(3) Sensation may be appreciated well enough, blit 
th«e may be great delay in its conduction, an appre- 
ciable interval occurring between the application of 
the stimulus and the response of the patient. TMs 
delayed conduction exists not infrequently in cases 
of alcoholic neuritis and tabes. (4) The stimulus may 
be badly localized, the patient believing, for example, 
that the outer side of a limb was touched when the 
stimulus was really applied to its inner aspect. Some- 
times a touch on one side of the body is referred to a 
corresponding point on the opposite side ; this is 
termed allocheiria. ^4 

2. Sensibility to pain.— Pain may be evoked 
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either by a cutaneous stimulus, as the prick of a pin, 
or by pressure on the deeper structures, as the muscles 
or bones. Sensibility to superficial and to pressure 
pain should be tested separately. 

(a) Superficial pain.— The point of a steel pin 
or needle may be used as the stimulus. Care must 
be taken that the patient distinguishes between the 
sharpness of the point (that is, its relative size) and 
the pain which the prick evokes ; it often happens 
that even when sensibility to pain is abolished he can 
recognize that the stimulus is pointed, and thus con- 
fuse the observer by calling it “ sharp.” The relative 
sensibility to pain may be measured by an algesimeter, 
by ^hich the observer can determine the amount of 
pressure on a needle that is necessary to evoke pain. 

The application of a faradic current is also an 
excellent method of testing sensibility to pain. It 
enables one to gauge the degree of sensibility by 
noting what strength of current is necessary to cause 
pain, and then comparing the result with the corre- 
sponding area on the opposite side. 

(b) Pressure pain may be examined bjy pressing 
firmly on the part with a blunt object, as the end of a 
pencil, or by squeezing the muscles. . The degree of 
sensibility may be measured by such an instrument 
as CattelTs algometer, by which the amount of 
pressure necessary to evoke pain may be determined. 
Abolition of pressure pain is often the most prominent 
sensory disturbance in tabes dorsalis. 

Absence of sensibility to pain is termed analgesia ; 
and an exaggerated sensibility, so that even a mil d 
stimulus causes an unnatural degree of suffering, is 
known as hyperalgesia. 

3. Thermal sensibility is most conveniently 
’ examined by using test tubes containing hot and cold 
water. The part to' be tested is touched with each 
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in turn, and the patient says whether each tube feels 
hot or cold. It is often important to determine the 
thresholds for heat and cold, i.e. the lowest temporal 
ture that feels warm and the highest that is cold. This 
can be done by noting the temperatures of the water 
in the tubes on thermometers contained in them ; but 
in attempting this it is desirable to nse silver rather 
than glass test tubes, as glass conducts so badly that 
there may be a considerable difference between the 
temperature of the surface of the tube and of the 
water it contains. Note also the reactions evoked by 
high and low temperatures and the sensations they , 
produce in the patient. It frequently happens that 
such temperatures evoke only pain, and may be called 
indiscriminately hot or cold. 

It should be noted that the different forms of 
sensibility already mentioned may require to be tested 
on the accessible mucous membranes as well as on the 
skin surfaces. The sensibility of some viscera is also 
of importance. Thus the absence of pain on squeezing 
the testicle may be an early sign of tabes. 

4. Sense of position. — The patient’s eyes being 
carefully shut, take hold of one of his limbs and move 
it about in various directions through the air, finally 
leaving it in some definite position, say semiflexed and 
slightly elevated ; then ask him to put the correspond- 
ing limb in a similar position. If there be no paralysis 
of the latter, and yet the patient is unable to imitate 
with it the position of the other, then there is reason 
to believe that the sense of position is impaired. 

In the case of the hand the patient may be told that 
the fingers of one hand will be moved, and that he must 
imitate with the other the position in which they have 
been placed. In the case of the foot he may be told 
that the great toe will be placed pointing upwards or, 
downwards, and that he must try to tell which it is/ 
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In testing a patient’s sense of position in this 
manner, be careful not to allow the part tested to 
touch any other skin surface ; otherwise the patient 
will be able to appreciate its position by the 
information derived from his ordinary sense of 
touch. 

A very delicate test for the sense of position in the 
upper liuibs consists in shutting the patient’s eyes and 
then making him hold his arms straight out in front 
of him with the fingers in a horizontal row. After a 
moment or two, if the muscular sense be defective, 
the fingers cease to remain in an even line. Some 
will rise a little, others fall, or even become twisted 
' in below the rest. 

The appreciation of movement is closely related 
to the sense of position, and should be tested at the 
same time. Grasp any segment of a limb firmly, and 
then move it gradually into another position ; ask the 
patient to say “ Now ” as soon as he recognizes the 
movement, and note the angle through which the limb 
was moved. If the appreciation of movement be 
diminished this angle is many times greater than 
that which is necessary in a normal limb, but if the 
defect be slight it may be necessary to measure the 
range of the movement accurately for comparison. 
Movements of, at most, 3° can be appreciated at all 
normal joints. Finally, test if the patient can re- 
cognise the direction of the movement, that is, 
whether the joint is flexed or extended. It often 
happens that the patient can recognize the occur- 
rence of a movement though he is ignorant of its 
direction. 

5. The recognition of size, shape, and form. 

-r-These faculties can be tested most accurately in the 
hands. To test size, place in the patient’s palm 
objects of the same shape, but of different sizes, as 
2 G 
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small rods or matches of different length. Two 
objects should be applied consecutively, and he is 
asked to say which is the larger. 

To test the power of recognizing form, familiar 
objects, as coins, a pencil,* a penknife, scissors, etc., 
are placed in the hand, and the patient is asked to 
identify them or to describe their fo^m. Loss of this 
power is generally known as astereognosis. * 

6. Appreciation of weigiit. — Place in the 
patient’s hand substances which resemble one another 
as far as possible in every respect except as regards 
weight. Metal balls covered with leather, some being 
solid and others hollow, are often used for the purpose. 
In their absence one may use two ihatch-boxes, one 
full, the other empty, or some other extemporized 
device. A solid ball and a hollow one may be placed 
one in the patient’s right hand, the other in his left, 
and he is then asked to state which is the heavier ; or 
one hand may be tested at a time, the balls being 
lifted one immediately after the other. If the leg 
is being investigated, the weights should be placed 
in a handkerchief and slung round the patient’s 
ankle. , 

Are there any abnormal sensations pre- 
sent! — These are termed paraesthesiae, and consist 
in various sensations experienced by the patient in the 
absence of any outward stimulus. The commonest 
of these are a feeling of “ needles and pins,” of numb- 
ness, of heats or chills, of pressure or tightness (a good 
example of the latter being the “ girdle pain ” of 
tabes dorsalis), of itching — sometimes termed pruritus 
— or a feeling as if insects were crawling over the 
body (formication). 

The term aura is applied to the curious parsesthesise 
which frequently precede an epileptic fit and serve as 
a warning of its approach. 
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VI. REFLEXES 

There are three classes of reflexes which one has 
to test — 

1. The superficial reflexes. 

2. ' The deep or tendon reflexes. 

3. The organic reflexes (including the action of 

the Sphincters). 

We shall consider these separately. 

1. Superficial Reflexes 

In these the simplest form of reflex action is con- 
cerned. On stimulation of a certain part of skin or 
mucous membrane, contraction of certain muscles 
results. The path of the impulse is by the sensory 
nerve fibres to the grey matter of the cord or to a 
higher centre in the brain-stem or forebrain, thence 
by motor nerve fibres to the muscle. A lesion in any 
part of this path causes the reflex to disappear. Thus, 
anaesthesia of the skin, disease of the sensory fibres 
or posterior nerve roots, changes in the grey matter of 
the cord, lesions of the motor nerve fibres or of the 
fibres of the muscles, may all cause abolition of the 
superficial reflexes. In addition to this, it must be 
borne in mind that the reflex excitability of some in- 
dividuals is normally very much greater than that of 
others, and this makes it difficult for one to estimate 
the value of slight alteration in the reflexes unless the 
lesion is unilateral, in which case the healthy side 
can be taken as a standard of comparison. The in- 
vestigation of the superficial reflexes is of more value 
as affording information regarding the health or other- 
wise of the reflex arc concerned than as a guide to the 
presence or absence of disease elsewhere. In hemi- 
plegia the superficial reflexes are usually diminished on 
the healthy side. 

The chief superficial reflexes of spinal origin, their 
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nature, the mode of obtaining them, and the level of| 
the cord concerned in their production, are given in; 
the table on p. 504. 

The plantar reflex demands special considera-! 
tion. In order to elicit it the patient should be in the 
supine position, with the lower limb semiflexed at the 
hip and knee and rotated outwards? the knee resting 
on a pillow. This induces muscular relaxation, which 
may be increased by distracting the patient’s attention; 
by conversation or by making him perform with his 
hands some act which requires attention. Care should 
be taken that the sole of the foot be warm and dry* 
The plantar region is stimulated by gentle scratching, 
with the finger-nail or with a soft quill. In healthy 
adults a minimal stimulus produces a contraction of 
the tensor vaginoe femoris, often accompanied by a 
slighter contraction of the adductors of the thigh anj$ 
sartorius. With a slightly stronger stimulus, flexion 
of the four outer toes appears, which increases with 
the strength of the stimulus till all the toes are flexed 
on the metatarsus and drawn together, the ankle being 
dorsiflexed and inverted. With still stronger stimuli, 
violent regular movements of the limb oc6m^uch 
spread to the lower part of the trunk and to Ind^po- 
site side. The position of the foot at the height of a 
response to a moderate stimulus is shown in Fig. 127; 
(“flexor response”)*- 

It is. doubtful whether the plantar reflex is ever 
constantly and completely absent in healthy subjects* 

In infants up to the age of learning to walk, the 
-reflex is very brisk, and differs markedly from that 
in adults. The earliest response is in the great to§,| 
which is drawn back. This is followed by extension! 
nnd spreading out of all the toes, with eversion of 
the fobt or dorsiflexion of the ankle, and subsequently! 
by flexion of the hip and knee (“ infantile response ”)| 
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During sleep the plantar reflexes are diminished 
and the infantile’ and adult forms preserved, save in 
some children up to the age of , 

12 years, where in deep sleep the I / 

infantile form of reflex returns.* { / 

In pathological t J 

conditions the re- Fig. 127. / / 

flex va&es, and Plantar reflex : l / 

may be of great normal ! j 

diagnostic im- flexor response. t / | 

portance. In /' : | 

lesions 0 f the pyra- . 1 

midal systems m /' \ 

alteration' in the / \ t J 

type of responses • JT jy|§S^T ■ 
was first described 
by Babinski. In 

this, which is spoken of as Babinski’s sign, or the 
“extensor response,” the reflex closely resembles 
that obtained in infants, but differs in a few points. 

The whole re- 
/ sponsc is more 

/ deliberate than 

Fig. 128. / / is that obtained 

Plantar reflex : exten- , ’ / either in adults 

sor response.! . / or infants, and 

(Babinski's sign.) / j appears with 

1 much more cer- 

y j tainty than 

t ^ ^ ^ I r e s p on s e t o 

tion. Extension 

* An extensor response is also obtained in some adults during 
deep sleep (Rudolf). 

f After instantaneous photographs by Dr. James Collier. 


Fig. 128. 

Plantar reflex : exten- 
sor response.! 
(Babinski’s sign.) 
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of the great toe precedes all other movement. It 
is followed by extension of the other toes and 
by dorsiflexion of the ankle. The tensor vaginae 
femoris does not contract early. The small amount 
of movement at the ankle is conspicuous, and con- 
trasts with the brisk movement at the ankle in the 
ordinary response. The extensor response is often 
more easily elicited by stimulation of the oftter part 
of the sole, whereas the flexor response is usually more 
easily obtained by stimulating the inner part. Fig. 
128 shows the position of the foot at the height of a 
moderate extensor response. 

The extensor response is only met with in adults- 
in cases of organic disease involving the pyramidal 
systems, and in cases of total transverse lesion of the 
cord is the only reflex phenomenon present in the 
lower limbs. In functional cases, if the plantar reflex 
can be elicited at all, the flexor response is obtained. 
In tabes and peripheral neuritis the same is true. 
In neurasthenia, chorea, myopathies, poliomyelitis, 
and paralysis agitans the flexor response is found ; 
also in intracranial tumours, provided the pyramidal 
systems are not involved. 

The epigastric and abdominal reflexes (see 
p. 504) are also extremely valuable signs, as they dis- 
appear when the pyramidal tract of the same side is 
in any way affected. It is often impossible to obtain 
them in old or obese people, and in women who have 
borne many children. 

The following superficial reflexes are dependent on 
cranial nerves : — 

i. Conjunctival. — Elicited by touching the con- 

junctiva, resulting in contraction of the orbicularis 
palpebrarum. The nerves concerned are the 5th 
(sensory) and the 7th (motor). ) 

ii. Pupil reflexes.— (See pp, 463 and 528.) 
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iii. Palate reflex. — Elevation of the palate on 
touching the mucous membrane covering it. The 
nerves concerned are the glosso -pharyngeal and the 
vagus (or spinal accessory ?). 

2. Deep ok Tendon Eeflexes 

If a muscle 15e put upon the stretch and its tendon 
be then* sharply struck, the muscle immediately con- 
tracts. This is spoken of as a deep or tendon reflex. 
It is very doubtful, however, whether one is correct in 
speaking of it as a reflex at all. It would seem that 
the contraction of the muscle follows too rapidly on 
the blow upon, the tendon to permit of there being 
time for a reflex arc being traversed. What really 
happens is probably this. The stretching of the muscle 
reflexly increases its “ tone.” When the tone is thus 
raised, any mechanical stimulus — in this case the blow 
upon the tendon — by suddenly increasing the tension 
of the muscle, excites in it a direct contraction. The 
only point where a reflex act really comes in, therefore, 
is in the preliminary raising of the muscle tone. With- 
out this increase of tone, however, the subsequent 
direct contraction would be impossible. 

We have already indicated (p. 416) that the “tone ” 
of a muscle is dependent upon the cells in the anterior 
cornua of the spinal cord — i.e. the lower neurones. 
When the control of the upper neurones over the lower 
is cut off, the latter produce an increased “ tone 55 in 
the muscles, with the result that the tendon reflexes 
are more easily excited than normally. In other 
words, their reflexes are increased or exaggerated. 
Exaggeration of tendon reflexes, therefore, is char- 
acteristic of lesions affecting the upper neurones — i.e. 
the cerebral cortex, or the fibres passing from it to the 
anterior horns of the cord. A similar exaggeration 
may be brought about by anything which stimulates 



O 

a 

o 

ft 

<1 

£ 

t-n 

PH 

CO 

P=c 

o 


1 

J 

ft 

"4 


h 

M 

H 

ft 

CO 


H 

a 

o 


a 53 •q3' po 

ms * 
111 § 
a be a 
S jj o q 
PS « a 

~s~ B 
‘S'-'g 

H S ffl Ifl 
C$ © 43 

ft S w ro 
© p -H q ■*— 

© gp^ d § 

fe *>* q -a 


53 

ft 


ci 

ft 

1 


oS,t a 

" a f © &p § a 


fsrr^s 1 j 

£ s £ '2 e 

ft TH rH fH £> ft C© 


O o 


+> o 


3 

I 

'bb 


o 

w rtf 


co 

TS 

53 

► 

ft 

a 


o 

TJ 

ft 


a 


o 

a 

§ .2 w 

cc 43 © 

1*11 li 

-2^ gS 

o fl 


W3r-H 

a ,o 


a § 
.2 2 


M © 
cS X! 

.SPl 

ft <n 

* 2 

a ee 

w M 
•2 

ao ® 
S a 
S.S 

%.h 


o «J 

•I i 

§ 2 

5 ^ 

a 53 

6 


ft 

9 

ft 
o . 
a j 
o 


o 

© 


I 

m 



3 


ft 


I 

! 


504 


* The cremasteric reflex can ofi&n be most easily elicited by pressing over the sartorius in the Iowe? 
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the lower neurones, thus making them more able to 
resist the controlling influence of the upper. Strych- 
nine and the toxin of tetanus are able to do this, and 
therefore produce an increase of the tendon reflexes. 

On the other hand, ‘anything which impairs the 
activity of the lower neurones will cause a diminution 
in the tone ofrthe muscles, and will thus make the 
tendon* reflexes correspondingly difficult to elicit. 
Diminution or abolition of the tendon reflexes is there- 
fore characteristic of lesions affecting the lower or 
spinal neurones. Of course, any disease of the muscle 
fibres themselves, or of the sensory fibres which pro- 
ceed from tho muscle to the spinal cord, and along 
which the stimulus travels when the muscle is first 
stretched, which stimulus causes the reflex increase of 
tone, will also cause a diminution of the tendon reflexes 
by preventing the necessary increase of tone from 
taking place. Hence it is that in tabes dorsalis, in 
which the posterior roots are much involved, the deep 
reflexes are absent. 

There is only one point more to be referred to, and 
it is rather a confusing one. In a lesion — e.g. a frac- 
ture dislocation — which produced complete transverse 
destruction of the cord at any level, one might expect 
that, owing to the cerebral influences being cut off, all 
the deep reflexes below that level would be exagger- 
ated. This, however, is not the case. The reflexes in 
that condition are, as a rule, totally abolished. The 
explanation of this apparent anomaly is still a little 
doubtful. It has been supposed by some that it is to 
be attributed to the cutting off of a cerebellar influ- 
ence which descends to the cells of the anterior 
cornua, and, so to speak, energizes them, so that they 
are able to maintain the tone of the muscles. It must 
be admitted, however, that experimental evidence is 
totally opposed to this conclusion, as lesions of the 



506 NERVOUS SYSTEM [chap. 

f 

cerebellum are followed by exaggeration and not by 
abolition of tbe deep reflexes. 

The knee jerk or patellar tendon reflex is 
the best-known of the deep rpflexes* It consists in a 
contraction of the quadriceps extensor when the 
patellar tendon is tapped. The spinal segments con- 
cerned are the 3rd and 4th lumbar. * 

How to elicit the knee jerk.— If the patient be 
able to sit up, get him to sit on a chair or on the edge 
of the bed and cross one knee oyer the other. If he be 
unable to effect the latter movement, pass your wrist 
under the knee to be tested, resting your hand on the 
opposite knee and allowing the patients leg to swing 
suspended, as it were, on the back of your wrist. If 
he cannot sit up, bend the knee up a little as he lies 
on his back, and support it by allowing it to rest on 
your hand or the back of your wrist. 

The result of this disposition of the limb is slightly 
to stretch the quadriceps extensor, and so reflexly to 
increase its tone. The next thing to do is to try to 
divert the patient’s attention* This may be done by 
asking him to “ let the leg hang as if it did not belong 
to him,’/ or by engaging him in conversation. The 
patellar tendon must then be struck a sharp blow 
midway between the patella and its insertion. The 
edge of the hand may be used for the purpose, or the 
edge of a thin book ; or the ear-piece of a stethoscope, 
especially if it be surrounded by a rim of solid india- 
rubber ; or, best of all, a percussion hammer. 

Immediately after the blow the foot will be 
observed to be jerked up from the sudden contraction 
of the muscle. 

The briskness of the knee jerk varies greatly in 
different individuals. In health, however, it is hardly 
ever entirely absent. Sometimes one is unable to 
elicit it without having recourse to what is known as 
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reinforcement of the knee jerk. This consists in ask- 
ing the patient to make some strong voluntary muscu- 
lar effort with the upper limbs. One may ask him, for 
example, to hook the fingers of the two hands together 
and then to pull them against one another as hard as 
possible. Whilst he is doing so, one tries to elicit the 
knee jerk, ancl one usually gets it more readily than 
undei* ordinary conditions. How reinforcement acts 
it is a little difficult to say. According to some, it is 
by increasing the general muscular tone throughout 
the body ; according to others, it acts by diminishing 
- the inhibitory cerebral control. 

The following tendon reflexes are similar in nature 
to the knee jerk, but — probably owing to mechanical 
difficulties in producing adequate stretching of the 
muscle — axe not usually so easy to obtain in health, 
and may indeed be entirely absent. 

Ankle jerk. — Grasp the dorsum of the foot with 
one hand and hold up the leg with it. Slightly dorsi- 
flex the foot so as to put the tendo Achillis on the 
stretch, then with the other hand sharply flick the 
latter on its posterior surface. A sharp contraction 
of the calf muscles results. This reflex can also be 
conveniently elicited when the patient is kneeling on 
a chair. 

Adductor jerk. — This is produced by abducting 
the thigh and tapping the tendon of the adduc- 
tor magnus. Contraction of the adductors results. 
Sometimes in patients who have very exaggerated 
reflexes one finds that on tapping the patellar tendon 
a sudden contraction occurs in the adductor muscles 
of the opposite thigh. This is termed the crossed 
adductor jerk. Its explanation is still rather obscure, 
but it is apparently a truly reflex phenomenon. 

Triceps or elbow jerk. — Flex the elbow to 
more than a right angle, then tap just above the 
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olecranon. The triceps contracts. The reflex depends 
upon the 8th cervical and 1st dorsal segments. 

Biceps or flexor jerk. — -Flex the elbow to a 
right angle and place the forearm in a semipronated 
position ; then strike the lower end of the radius, and 
the elbow flexes owing to contraction of the biceps 
and supinator longus. The 5th and 0th cervical seg- 
ments of the cord are concerned. * ' 

Wrist jerk. — Produced by letting the hand hang 
down, and then striking the extensor tendons just 
above the wrist. The hand is jerked up. This reflex 
depends upon the 6th cervical segment. 

Jaw jerk. — -Ask the patient to open his mouth, 
but not too widely. Place one finger firmly on his chin 
and then tap it suddenly with the other hand as in per- 
cussion. A contraction of the muscles that close the 
jaw results. This jerk is rarely present in health. The 
motor nucleus of the 5th nerve is the centre involved. 

The term clonus is applied to the following tendon 
reflexes : — 

Ankle clonus. — To elicit this phenomenon, bend 
the patient’s knee slightly and support it with one 
hand, grasp the fore part of the foot with the other 
hand, and suddenly dorsiflex the foot. The sudden 
strain put upon the soleus muscle causes it to contract. 
The pressure of the hand upon the sole of the foot is 
meanwhile continued, and, when the contraction ceases, 
causes the muscle again to become tense, and so pro- 
duces another contraction in the latter.. In this way 
a whole series of contractions — i.e. a clonus — results, 
v The relative tendency to the development of ankle 
clonus on the two sides is best estimated by slowly 
dorsiflexing the foot and observing the exact point at 
which the movements first begin. The less the degree of 
dorsiflexion required to produce the clonus the greater 
is the tendency to the development of the latter. 
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* In cases of functional paralysis a spurious clonus 
may be elicited. It is usually ill sustained and irregu- 
lar in rhythm, and can be recognized by the feeling 
of voluntary contraction in the muscles, especially 
at the beginning of thb clonus. 

Ankle clonus is nearly always a sign of disease. 
The spinal segments concerned in it are the 1st to 
the 3^d sacral. 

Knee clonus. — In cases where the knee jerk is 
exaggerated, one can sometimes elicit a knee clonus by 
extending the patient's leg and then suddenly pushing 
down the patella towards the foot. If the pressure on 
the latter be continued, a series of clonic contractions 
of the quadribeps can in many cases be produced. 

3. Organic Reflexes and Sphincters 

This terfn includes such processes as respiration, 
deglutition, micturition, and defsecation. They depend 
upon complex muscular movements excited by stimu- 
lation either of mucous membranes or, in the case of 
respiration, of a centre in the medulla. 

One should always ascertain from the patient 
whether he has any difficulty in swallowing, noting 
especially whether there is any regurgitation of food 
through the nose. The function of deglutition does 
not usually require to be specially tested beyond the 
examination necessary to exclude the existence of an 
obstruction (p. 53). 

Defaccation. — The patient should be questioned 
as to any difficulty in the act, and as to the presence 
or absence of tenesmus. Note also the occurrence or 
not of incontinence of feeces. 

The reflex action of the anal sphincter may be 
tested by introducing the oiled finger into the anus, 
and noting whether contraction of the sphincter 
occurs with normal force, whether it be weak or 
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altogether inactive, or whether any spasm be ex- 
cited. 

The activity of the anal sphincter reflex may also 
be tested by pricking the skm in the neighbourhood 
of the anus. If the conditions be normal, a brisk 
contraction of the sphincter should immediately be 
visible. This depends upon the 5th sacral segment. 

Micturition. — The patient should be questioned 
as to difficulty or pain in the act (see p. 9). One 
should then note whether there is either retention of 
urine or incontinence of it. If there be incontinence, 
ascertain by the use of the catheter whether it be due 
to the overflow from a distended bladder, or whether 
it be a reflex incontinence — i.e. whetheh the bladder 
merely fills up and then empties itself completely by 
reflex action. In another group of cases the patient 
feels the desire to micturate, and is unable to restrain 
the act, which takes place at once. This is spoken of 
as precipitate micturition . 

The centres for the bladder and rectum used 
to be regarded as situated in the 3rd and 4th sacral 
segments of the cord. It is now believed, however, 
that they are situated in the hypogastric and hsemor- 
rhoidal sympathetic plexuses. 

VII. TROPHIC FUNCTIONS 

In disease of the nervous system the nutrition of 
different tissues or organs may be impaired. The bones 
may become more brittle from interstitial absorption, 
or may exhibit spontaneous fracture (osteopathies), or 
the joints may be the seat of painless effusion with or 
without atrophy or enlargement of the articular ends 
of the bones (arthropathies) . In other cases the bones 
and joints are involved together (osteo-arthropathies). 
More commonly the skin is the seat of change. It may 
exhibit an erythema, which may pass on to ulceration 
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and the formation of bed-sores at points of pressure 
pigmentary changes may develop in it, or it may be 
the seat of various eruptions — -urticarial, vesicular, 
pemphigoid, or herpetic — or it may be simply glossy! 
Perforating ulcers maf appear, usually on the toes 
or soles of the feet, as in tabes, or there may be 
actual gangrene, or the development of painless whit- 
lows. # In other cases it is the epidermic appendages 
which especially suffer change, the hair falling out, 
or the nails becoming dry and brittle. Atrophy of the 
muscles is a common phenomenon, and may be marked 
by the appearance of the reaction of degeneration 
(p. 522). More rarely, certain glandular organs, such 
as the testis, Inay be the seat of atrophic change. 

In taking a nervous case it is necessary to be on 
the outlook for such changes, and to note their situa- 
tion and extent. 

VIII. ELECTRICAL EXAMINATION OF 
MUSCLES AND NERVES 

1. Apparatus. — Eor purposes of diagnosis, as 
distinguished from therapeutics, electricity is applied 
in three forms — first as the continuous current, second 
as the faradic current, third by using the discharge 
through Crookes’s tubes, with high vacua and suitable 
internal arrangements, for the purposes of skiagraphy 
by the X-rays described by Professor Rontgen. The 
details of this last application are beyond the scope 
of the present work. r 

The continuous current must be of sufficient in- 
tensity to stimulate the nerves and muscles after 
overcoming the resistance of the body. It must 
therefore have an available electromotive force of 
about 40 volts. A battery of thirty-two Leclanche 
dry cells is ample for ordinary use, as its electro- 
motive force is decidedly higher than this to start 




Fig. 129. — Motor points, face and neck. 


1, ra. frontalis [epicranius] ; 2, upper branch of facial ; 3, m. corrug. supereil, ; 
4, m. orbic. palpebr. [orbic. oculi] 6, nasal muscles ; 6, m. zygomatic! [m. 
qnadratus labii superior is] ; 7, tn. ibrbic. oris; 8, middle branch of facial; 8, m. 
masseter-, 10, m. levator raenti [m. mentalis]; 11, m. depressor labii infer, [m. 
quadratus labii inferioris]; 12, m. depressor anguli oris ; 13, hypoglossal n. ; 
14, lower branch of facial; 15, m. platysma my old. ; 16, liyoid muscles-, 17, m. 
omohyoideus ; 18, ant, thorac. n., nu pectoral. ; 19, phrenic n, ; 20, auprachmc. 
point (Erb’s point— m. deltoid., biceps, bracliialis, and supin. long, [brachio- 
radialis]}; 21, brachial plexus; 22, long thoracic n. (m. serrat. ant,); 23, cir- 
cumflex n,'[n. axillaris]; 24, post, scapular n. ; 20, m. trapezius ; 26, m. levator 
(aug ) scapula) ; 27, spinal accessory n, ; 28, m. sterno-cleido-maatoideus ; 
29, in. splenius capitis ; 30, lower branch of facial; 31, middle branch of facial; 
32, post auricular n, ; 33, facial n. {trunk) ; 34, upper branch of facial (In frond 
of the ear) ; 35, m. temporalis ; 36, region of 8rd frontal conv. and island of 
Eeli (centre for speech) ; 37, region of central convolutions. 
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with, and will continue so for a considerable time 
if properly cared for and neither left too long 



absolutely idle nor employed to yield very heavy 
currents which would speedily exhaust the small cells. 
Where the continuous current from an electric light 

2 H 
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M. triceps (long head) *" 


M, triceps (inner head)* 


M. palmavis long. ~ 
M. flexor carpi ulnaris— 


51. flex, digitor. oocunun. . 
profund. 


~M. biceps 
braobit 


7rL~ 


X, \ '% 

— — | Median n, \a 

_,M. supinator longrut' $1 
[brachio-radlaUs] Sf, 


”M. pronator teres ;X?, 


-M. flex. carpi radial^ 


M. flex, digitor. sublim. - 
(digit! II. et. IIL) 


M. flex. digit. Kubl. (digit- 
indicia et minimi) 


~M. flex, digitor. subUtb 


_ M. flex, poilicl* Tongu^, 


It palmaris brev. 
M, abductor digit! min. 
[quinti] 

M. flexor digit, min. [M. fl. - 
brev. digit, quinti] 

M. opponens digit, min. *> 
[quinti] 

IMm. lumbrioales j ” 


51, aM actor pollic. bre$ 

J 

- - * — M . oj qaaiens poliicls $ 

-'i 

51. flex. poll. brev. Cjt 

Js 

'■'’"v.M. adductor pollic. 


Fig. 131. — Motor points, front of arm. 
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installation is available, it may be used when precau- 
tions are taken for the safety of the patient by the 
employment of shunts to reduce the voltage to a 
suitable figure. It is, however, always preferable to 
employ a motor transformer of “ earth-free 95 type, 



as the danger of short-circuiting the patient to earth 
is thus obviated. 

Whatever the source of current, it is of great 
importance to, have efficient accessory apparatus in 
the way of current reversers, galvanometers, con- 
necting wires, electrodes. The galvanometers should 
give readings in milli amperes, not in unmeaning 
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graduations, as too often is the case in those supplied 
with medical batteries. 

For the faradic current the best form of appa- 
ratus is an induction coil of the sledge pattern with a 



secondary coil of wire which should not be very fine, 
as very thin wire on the secondary coil produces too 
great an effect on the sensory, and too little on the 
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motor nerves for most diagnostic purposes. To drive 
the coil one or two dry Leclanch6 cells are sufficient. 
It is often convenient to be able to pass from the con- 
tinuous to the faradic current, and vice versa, without 
changing the connections leading to the patient. This 
can be effected by a suitable switch. 



Condenser discharges are sometimes employed in 
place of the faradic current, and are serviceable for 
certain purposes of exact measurement. They are 
not necessary, however, for ordinary work. 

One large flat electrode should be procured, and 
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several small ones varying in size from a small spher- 
ical bulb to a disc of metal with a surface of about 60 
or 100 square centimetres. , These should be covered 
with wash-leather, which can be renewed at frequent 
intervals, and should be made to screw into a holder 
with a button by means of which the observer can 
interrupt the current. 

2. Electro -diagnosis (Figs. 129-36). Begin 
with the faradic current.* It stimulates the nerves 
directly, the muscles only indirectly through their 
nerve supply. Examine systematically each nerve 
trunk in the area under consideration, and the 
motor point of every muscle supplied by each of ; 
these nerves. The motor points correspond for the < 
most part with the points of entry of the motor nerves 1 
into the muscles which they supply, and are shown m ■ 
Figs. 129-36. The observer should try the current :: 
upon himself before applying it to the patient, both to;? 
reassure the latter and to compare the effects it pro-; 
duces on himself with those elicited in the patient.;; 
The examination must be conducted in a good light,:’ 
an$ the patient must be so placed that access to both 
sides is easily secured. Before examining any group 
of muscles, care must be taken that they are so far 
relaxed as to be able to respond readily to stimulation. 
A small electrode — either the button electrode or th^ 
disc of 10 to 20 square cm., according to circumstances : 
— should be used for the part under examination, 

- whilst the other (or 44 indifferent ”) electrode should^ 
be a larger plate placed either on the abdomen or 
between the shoulders. The electrodes and the skin, 
where the tests are applied should be well soaked with: 
ft solution of common salt in warm water, but care 

' c * Jxl dealing with children it is almost always necessary, 

? wherh'a\care.f uil electrical examination he made,, to give an 

anse^etio, although the anaesthesia nbe& not he very deep. 
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must be taken to avoid the presence of any crystals of 
undissolved salt on the skin. 



Fig. 135,— -Motor points of the trunk, anteriorly. 


deltoid (anterior part) ; .2, nerve to pectoralis major ; 3, pectoralis major ; 
4, teres major; 5, latissimus dorsi; 6, nerve to serratus magnus (anterior) ; 
1, serratue raagnus (anterior) ,• 8, obliguus extern us ; 9, rectus abdominis 
(upper i>art) ; 10, rectus abdominis (lower part). „ ^ 

Note the intensity of the minimum current which 
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produces contraction at each point, and compare th< 
effects of a similar current on the corresponding noim 
on the other side of the body. ^ 

The intensity of the current is recorded in term* 



of the distance of the secondary from the primary 
coil— battery power, rate of interruption, and other 
adjustments being assumed to remain constant. 
When the faradic current has been employed", pass 
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to the galvanic. Use the electrodes in exactly the 
same manner as for the faradic examination, and re- 
member that, when a small electrode is used, the 
nerves and muscles thajb lie superficially beneath it, 
and are therefore closer to it, are chiefly stimulated, 
since response to the stimulus depends on current 
density. Begin with a weak current, and gradually 
increa^b its strength till the muscle responds by slight 
contraction. At each point employ first the cathode* 
and then the anode, and observe whether contraction 
occurs most readily when the circuit is completed or 
when it is interrupted. Record the strength of the 
current as indicated by the milli amperemeter, and 
compare it with that which produces similar effects 
at the corresponding point on the other side. 

In Health the cathodal closing contraction is the 
first to appear : in other words, the muscle responds 
more readily when the pole applied to it is the 
cathode, and when the electric circuit is completed ; 
a decidedly stronger current is required to elicit the 
anodal closing and opening contractions, and the 
cathodal opening contraction appears last of all. 
This sequence may be represented by the formula 
C.C.C. > A.C.C. > A. 0.0. > C.O.C., or by the following 
expansion of it : — 

Weak current €.0.0, — — — 

Medium current C.C.C/ A.C.C. — — 

Fairly strong current C.C.C/' A.C.C/ A.O.C. — 

Very strong current C.C. Tetanus A.C.C" A.O.C/ C.O.C. 

The contractions in health are abrupt and sharp. 
Except when the current is very strong, contractions 
only occur when the circuit is made or broken, not 
during the passage of a uniform current. 

In disease the response to electrical stimulation 

* The cathode or negative electrode is attached to the zinc rod 
in the cell, the anode or positive electrode to the copper or carbon. 
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may be altered either quantitatively or qualitatively.^ 
By “quantitative alterations ” one understands that 
a given current produces a greater or less contrac- 
tion than it could were the^ nerves and muscles in 
a normal state. “ Qualitative alterations” involve 
either or both of two changes — namely, first, the 
character of the contraction, instead of being abrupt, 
becomes “ sluggish ” ; second, the cathodal 'closing 
contraction is less readily elicited than the anodal 
contractions. 

• Such qualitative changes depend on the separation 
of the nerve and muscle from their nutritive centre. 
After a brief period the separation induces degener- 
ation, and whilst 'the degeneration proceeds the nerve 
first fails to respond to electrical stimuli, and after a 
longer interval the muscle also becomes insusceptible. 

It is during the time that elapses between the in- 
sensitiveness of the nerve and of the muscle that the 
most characteristic electrical changes are observed, 
and these are together known as “the reaction of 
degeneration.” They may be summarized as follows : 

(1) Faradio current . — No response can be elicited, 
even when a very strong current is employed. 

The reason for this is that the faradic stimulus, ih conse- 
quence of its brief duration, acts only on the nerve, and, 
since the degenerated nerve can no longer transmit stimuli 
to the muscle, the latter remains unaffected. 

(2) Galvanic current, i. Quantitative change , — The 

muscular excitability is increased, contraction follow- i 
ing the application of a weaker current than is 
necessary to produce it in health (the “irritability"; 
of weakness ”). -i 

ii. Qualitative changes. — (a) The contraction is no 
longer sharp, but “ sluggish.” 

- (6) In most cases anodal closing contraction is 
elicited with a weaker current than cathodal closing 
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contraction. This phenomenon is less constant and 
less important than the sluggish character ol the 
contraction. 

The quantitative change* depends partly on alterations in 
the nutrition of the muscle, and partly on the removal of 
inhibitory influences ; the qualitative changes are produced 
partly because tbie nerve no longer regulates the character of 
the contraction, and partly also as a result of changes in the 
muscle ifself. 

* The foregoing description applies to a fully 
developed reaction of degeneration. This is not mani- 
fested till more than a week after the trophic influence 
has been cut oS. The nerves, however, begin to lose 
their sensitiveness about three days after the injury, 
and gradually become less and less responsive. The 
muscles behave as do the nerves to faradic stimulation. 
To the galvanic current they at first exhibit diminished 
excitability. After eight or ten days the excitability 
again increases, and eventually exceeds that found in 
health. At the same time as the increase appears, the 
sluggishness of contraction and the abnormal sensitive- 
ness to anodal closure become manifest. When the 
cause which has led to the severance of the nerve and 
muscle from their trophic centre cannot be removed, 
the muscular response once more gradually diminishes, 
and after the lapse of a considerable period, which 
may extend to two years or even longer, disappears 
entirely. When the trophic influence is timeously re- 
established, the reactions of nerve and muscle pro- 
gressively return to the normal. In such cases ordinary 
muscular power usually begins to return some days 
before the nerves respond to electrical stimuli. 

A clinically important form of reaction has been described 
by Grhilarducci, who has named it the reaction of degeneration 
at a distance (R.D.d.). In examining for this reaction neither 
pole is placed on the affected muscle, but the indifferent elec- 
trode is situated over the upper dorsal region, whilst the active 
one is applied at a point farther from the trunk than are the 
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muscles to be tested. Thus, for the muscles of the forearm it 
is placed on the wrist, and for the tibialis anticus in front of 
the ankle. Under these conditions the response occurs almost 
exclusively at closure, and when the active electrode is nega- 
tive ; whilst tho contraction thus elicited is stronger than 
that which is present in ordinary reaction of degeneration, 
and can be obtained with a weaker current. Its clinical im- 
portance is due to the fact that as it persnts after all other 
electrical stimuli fail to produce any effect, its presence enables 
one to determine that the muscle is not hopelessly destroyed, 
but may yet recover within certain limits. If it be absent the 
observer is justified in concluding that the muscle is wholly 
severed from its trophic centre. 

Ghilarducci regards the phenomenon as due to the increased 
electrical capacity of the muscle when thus longitudinally 
stimulated, the increased capacity causing ^he electric wave 
to he less abrupt, and thereby prolonging the duration of 
efficient stimulation. 

It will be readily perceived that, from the stand- 
point of diagnosis, electricity yields far more valuable 
information when the disease is situated in the lower 
motor neurone, thereby severing the nerve endings 
and muscles from their trophic centres, than when 
the morbid process occupies a more central position. 
Serious disorder may be present in the higher trophic 
realms without revealing itself by any change in the 
electrical reactions — at most there will only be a 
quantitative change whose detection is often difficult 
and whose value is uncertain. 

In the sensory system, electro-diagnosis is of less 
value, and is chiefly of service in cases where an 
hysterical element is present. 

Eor recording the results of an electro-diagnostic 
examination, one should employ a printed chart, in 
which the nerves and muscles axe conveniently 
arranged with spaces opposite for the insertion of 
the observations. This both saves time and prevents 
the accidental omission of important muscles from 
examination. 



CHASTER X 


EXAMINATION OF THE EYE, EAR, 
THROAT, AND NOSE* 

I. THE EYE 

Note first any obvious peculiarity about the eye. 
Observe whether there is any undue prominence of 
one or both eyes. Prominence of the eyes occurs in 
exophthalmic goitre. It is associated in that disease 
with the presence of what is known as von Graefe’s 
sign. Ask the patient to look down. If von Graefe’s 
sign is p/esent, the upper lid seems to lag behind 
the eyeball in its descent, so that a large part 
of the upper portion of the sclerotic becomes 
visible. In paralysis of the cervical sympathetic 
tHe eyeball recedes so as to look more sunken than 
normal. 

Note also whether the winking movements are 
increased or diminished in frequency. Infrequency 
of the movements along with an increased size of 
the palpebral fissure constitutes Stellwag’s sign of 
exophthalmic goitre. 

The occurrence of squint, ptosis, retraction of the 
upper lid. and alterations in the pupil has already 
been considered. The presence of any inflammation 
along the margins of the lids (marginal blepharitis) 
should always be noted. It is often an indication of 
a strumous constitution. 

Next turn your attention to the conjuncti va. It 
may be necessary to examine the conjunctiva lining the 

* In this chapter only those methods of investigation are 
described that are required in ordinary medical cases. 
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eyelids. In order to do this in the cask of the lower hd, 
it is sufficient to depress the latter firmly with the-, 
thumb. To expose the inner surface of the upper lid, 
place the right thumb at the upper part of the upper * 
lid and push upwards, so a*s to make the eyelashes, 
stand out prominently. Grasp the lashes between the 
forefinger and thumb of the other hand, and evert the* 
lid by rotating it round the thumb of the righj; hand.* - 
Note the colour of the conjunctiva — whether it is pale, - 
injected, or jaundiced. The method of detecting;! 
oedema of it has already been described (p. 403). ; 

Look next at the cornea* Note the presence of 
any ulceration or opacity of it. Small opacities are 
described as nebula, larger opacities a're spoken of asg 
leucomata. Try to make out whether the opacity^ 
really on the surface of the cornea or deeper down inj 
its substance. This can best be determined by loofal 
ing along the surface of the cornea, as it were, and 
observing whether the light is reflected from it over* 
the opaque spot, or Whether it is dull. If the former 
be the case, the opacity is deep-seated ; if the latter, 
it is superficial. Such superficial opacities point tb} 

* The following simple method of everting the upper eyelid, so 
as to permit of an inspection of the conjunctiva, is described by 
Lang in his hook on 4 ‘The Methodical Examination of the Eye ” : t 
“ Whilst the patient, with head erect, turns his eyes down and; 
looks towards the ground, the observer, who stands in front; 
places the end of his left forefinger on the right upper lid just" 
above the tarsus, and his thumb on the lower lid just below the" 
tarsus. By moving the forefinger a little upwards the margin off 
the upper lid is tilted forwards away from the globe ; the thumb 
is now made to push the edge of the lower lid upwards into 
'space between the upper lid and the cornea. The lower lid thus, 
acts the part of a wedge, and drives the upper lid forwards until 
its conjunctival surface is in contact with the thumb. When the 
whole thickness of the upper lid is between the finger and the, 
thumb, the lower lid is released and the free edge of the tarsus is 
pushed upwards and backwards by the thumb whilst the forefinger 
presses its attached margin downwards and. forwards j intms 
. way the lid is everted. The right hand is employed to evert the- 
iEe^t ltd.” . ‘ ' 
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foimer strumous ulceration. Deep-seated opacities 
are often due to congenital syphilis. 

The term arcus senilis is applied to a crescentic 
opacity which is sometimes observed towards the mar- 
gin of the cornea. It usually appears at the upper 
part of the cornea first, and then gradually extends 
round. It occurs normally in old people, and is 
sometirp.es observed also in the, eyes of younger persons 
who have sclerosed arterial walls and other signs of 
premature senility. True arcus senilis can be recog- 
nized by its leaving a small strip of clear cornea be- 
tween the arc and the sclerotic ; a crescentic opacity 
extending inwards from the sclerotic, which is some- 
times met with, leaves no such clear strip. If arcus 
senilis be observed, its presence should always be 
noted. 

It is "often of importance in medical cases to be 
able to say whether a patient is suffering from iritis 
or merely from conjunctivitis. In each case the eye 
looks red and injected, but the characters of the 
injection are different in the two conditions. They 
are contrasted in the following table : — 


Conjunctival Injection 

Colour, brick red. 

Vessels very tortuous. 

Vessels can be moved on 
sclerotic. 

Injection greatest on lids 
and in cul-de-sac, diminishes 
round cornea. 

Pressure on Hd leaves no 
anaemia. 


Ciliary Injection (Iritis) 

Colour, pink. 

Vessels straight. 

Vessels cannot be moved. 

Injection greatest round cor- 
nea, diminishes towards 
periphery. 

Pressure on lid leaves tem- 
porary anaemic spot. 


In taking the case, note specially which of these 
sets of characters is present. 

The tension of the eyeball should next be tested. 
This is done by placing the two forefingers on the upper 
part of the sclerotic outside the upper lid while the 
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patient looks downwards, the other fingers resting on 
his forehead. Then try for fluctuation. The normal 
tension must he learnt by practice, and any increase 
or diminution of it noted. An increased tension contra- 
indicates the use of atropine/- Having observed these 
different points, one should next proceed to what is 
termed oblique focal illumination* of the eyeball. 
For this purpose it is best to have the patient in a dark 
room, a lamp being placed in front of him. By means 
of a convex lens — -the ophthalmoscope lens does very 
well — the light is focused on the surface of the eyes. 
If necessary, one may hold another lens in the left 
hand, and so magnify the view. Study in tins way 
the surface of the cornea. The nature of the opaci-. 
ties already referred to can now be observed mere 
minutely. Look at the iris. The outline of the pupil, 
its contractility to light, the existence of syn^chise and 
the presence or absence of hippus, can all be very well 
observed by this method. Note whether any opacity 
can be detected behind the pupil, and, if so, try to 
estimate the depth at which it is situated. 

Then proceed to retinoscopy. Use for the pur- 
pose a plane or slightly concave mirror, with an 
aperture in the centre. An ordinary ophthalmoscope 
mirror does very well, but it is preferable to use one of 
larger size, say about 2 in. in diameter. The patient 
should be in a dark room with a light just above his 
head, and it is well to have his eyes atropinized. Sit 
fully a yard from him, and ask him to look far away 
over the top of your head. Then throw the light into 
his eye by means of the mirror. In a normal eye a red 
reflection from the retina will be seen through the 
pupil. If there be any opacity of the refractile media, 
the red reflection will be obscured. In this way catar- 
act may be detected. When commencing, it usually 
* takes the form of opaque bands passing in towards the 
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centre of the pupil like the spokes of a wheel. Now 
tilt the mirror, first upwards and downwards, then 
from side to side. As one does so, a black shadow is 
observed to flit across tfye pupil. Watch the edge of 
this shadow. From the direction in which it moves 
information is obtained as to the state of refraction of 
the eye. If tb& eye be emmetropic, or if it be hyper- 
metropic, or has less than one dioptre of myopia, the 
edge, of the shadow moves in the opposite direction to 
that in which the mirror is tilted if it be concave, but 
in the same direction to that in which it is tilted if the 
mirror be plane. In myopia of more than one dioptre 
the edge of the shadow moves in the same direction as 
a concave mirror, but in the opposite direction to one 
winch is plane. In a normal eye the shadow moves 
very rapidly, and has a straight and sharply defined 
edge.* The more abnormal the patient’s refraction, 
the more slowly does the shadow move, and the more 
crescentic and the less well defined is its margin. 

If the edge of the shadow move differently in 
opposite meridians, the eye is astigmatic. If one 
meridian be normal the astigmatism is simple, and 
may either be of the myopic or of the hypermetropic 
variety, according j;o the nature of the refraction in the 
abnormal meridian. If both meridians be abnormal, 
the error of refraction being the same in kind in 
each, but unequal in degree, compound astigmatism is 
present. It may also be either of the myopic or of 
the hypermetropic variety, according to the nature 
of the refraction. If one meridian be myopic, the 
other hypermetropic, the condition is one of mixed 
astigmatism . 

In regular astigmatism the ' directions of greatest 

* The edge of the shadow is, of course, straight only when the 
source of light has a straight edge. This is so in an Argand 
burner, hut not in an electric lamp. 

2 I * 
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and least refraction are at right angles to each other, 
and usually fall exactly in the vertical and horizontal 
meridians, the meridian of greatest curvature being 
most frequently the vertical. Sometimes, however, 
the directions of greatest and least refraction are in 
the oblique meridians. 

In irregular astigmatism the directions of greatest 
and least refraction are not at right angle*. This 
occurs comparatively rarely. 

For the optical explanation of these facts, and for 
the more detailed description of their significance, the 
reader is referred to special works on ophthalmology. 
We would only remark here that retinoscopy affords 
the simplest and readiest method of arriving at an idea 
of the state of a patient’s refraction,* In examining 
many medical cases such information is wpll worth 
obtaining, as errors of refraction have been found to 
be the reflex cause of many nervous symptoms, e.g. of 
headache, vomiting, etc. 

The fundus oculi remains still to be examined, and 
for this one must have recourse to the use of the 
ophthalmoscope. Many patterns of this instru- 
ment are sold. The essential points are that there 

* Sometimes a patient comes before one wearing glasses, and 
it may be important to know what their refraction is. In order 
to discover this, hold the glass in front of the eye and look at an 
object through it. Then move the glass from side to side, and 
watch the object. . If the latter seems to move in the opposite 
direction to the glass, the latter is convex ; if in the same direction, 
it is concave. 

The strength of the glass may be approximately determined by 
bringing the small lenses of the ophthalmoscope behind it, until 
one finds that which abolishes the apparent movement of the 
object looked at. 

In order to tell whether the glass is spherical or cylindrical 
(see footnote on p. 532 for a definition of these terms), look at a 
straight object, e.g, a window bar, through the glass, and then 
slowly twist the latter round. If the glass is cylindrical the object 
looked at will appear to take up an oblique position. Patients ' 
who use cylindrical glasses are astigmatic. , 
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should be two mirrors — a larger one for use in the 
indirect method of examination, and a smaller-angled 
one for direct examination of the fundus. It is also 
important to be able to Turing a series of small lenses of 
different refraction behind the eye-hole in the mirror. 

There are two methods of using the ophthalmo- 
scope — the indirect and the direct. We shall describe 
the former first. 

1. Indirect ophthalmoscopy. — It is best to have 
the room darkened ; at any rate, bright -sunlight 
should be excluded. If the patient be in bed, this may 
be effected by placing an umbrella over him. The 
patient (if he fye able) sits in a chair with his head 
sliqhtly inclined forwards, and the observer in another 
about 2 ft. from that of the patient and directly 
opposite to the latter. A light — an ordin ary oil lamp, 
or, preferably, an Argand burner — is placed close 
to the patient and on a level with his left shoulder. 
The observer should sit rather obliquely, his left 
shoulder being turned well round towards the patient. 
The ophthalmoscope is held in the right hand, the 
larger mirror being opposite the eye-hole. If the 
observer be not emmetropic, he corrects his own error 
of refraction by means of the small lenses behind the 
mirror ; light is then reflected into the patient's eye 
from the lamp . A red reflection from the retina should 
fill up the entire pupil unless there be any opacity of 
the media, as already mentioned. No details of the 
fundus should yet be visible. If any blood-vessels be 
seen, one can be sure that the patient’s refraction is 
abnormal. If these seem to move in the same direc- 
tion as the head of the observer, the patient is hyper- 
metropic ; if in the opposite direction, he is myopic. 
Having got the fundus fully illuminated, one proceeds 
fo interpose the convex lens of the ophthalmoscope. 
Hold it ^between the finger and thumb of the left 
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hand, so that it rests opposite the joints between the 
first and second phalanges of the index. The finger 
should not be at all flexed. The forearm should be 
kept vertical, the hand drooping from the wrist, and 
the little finger supported* on the patient’s forehead. 
This is the position demanding the least muscular 
effort, and therefore the least fatiguing'co the observer. 
The ordinary ophthalmoscopic lens is of about + 15 
dioptres strength, and therefore requires to be held 
about 2| in. from the patient’s eye.* 

The exact point at which it should be held is 
arrived at by moving the lens backwards and for- 
wards till a clear image is obtained. „ 

A larger image of the fundus can be obtained Joy ' 
using a convex lens of about + 10 D (4 in. focus) and 
magnifying the image by means of a + 2 D ]#ns placed 
behind the mirror. In many ways this is preferable 
to the ordinary method. 4 

Having got the fundus into focus, one wishes toj; 
look at three parts of it — (1) at the optic disc," 
(2) at the macular region, (3) at the periphery. In 
order to bring the disc into view, the patient must ; 
be made to turn his eye somewhat inwards. If the 
left eye is being examined, ask him to look at the tip 
of your left ear ; if the right is being examined, ask 

* A lens of 1 dioptre (1 D) strength has a focal distance of 
1 metre (40 in.) ; a lens oi 2 I) has a focal distance of 20 in. ; 
and so on. To signify a convex lens the sign + is used, thus ; 
+ 2 D means a convex lens of 2 dioptres ; — ,2 1) means a concave 
lens of 2 dioptres, A lens which is curved equally in every 
direction-—]. e. which is part of a sphere — is called spherical, lit 
may he either convex or concave. A concave spherical lens of 
1 dioptre strength is indicated thus : - ID spher. 

A cylindrical lens is part of a cylinder, and is therefore curved 
in one direction only. The direction corresponding to the axis of 
the cylinder is uncurved, and is spoken of as the axis of the lens. 
A convex cylindrical lens of 1 dioptre strength is written + 1 1) 

, cyl. As mentioned on p. 530,' cylindrical lenses are required in 
astigmatism. V 
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him to look at the tip of the little finger of the 
right hand, which is stretched out for the purpose 
beyond the handle of the ophthalmoscope. 

In order to see the macular region, ask the patient 
to bring the eye slowly back from the above position 
towards the centre of your forehead. The macular 
region is reached at about two discs 7 breadth from the 
margin *)f the disc. Attempts to look straight at the 
macula in this way are sometimes baffled by the great 
contraction of the pupil which results, and by the re- 
flection of light from the surface of the cornea. When 
this is the case it is better to ask the patient to look, 
not straight at*the forehead, but a little to one side, 
Tl^e observer must then move his head till a view of 
the macular region is obtained. 

The periphery of the fundus is seen by asking the 
patient to look first to his extreme right and left, then 
up to the ceiling, then downwards. 

If, on gradually withdrawing the lens, the image 
of the fundus appears to become larger, there is myopia 
present ; if it becomes smaller, there is hypermetropia. 
If it alters in one direction and not in others, there is 
simple astigmatism ; if it alters in one direction more 
than others, the astigmatism is compound . 

If, on moving the lens from side to side, one 
part of the fundus seems to move over the 1 rest 
(“ parallactic movement 77 ), that part is at a higher 
level than its surroundings. Thus, if the disc be 
excavated, its margin will appear to move over the 
deeper part. 

The examination of the fundus, and especially of 
its peripheral region, is greatly facilitated by a pre- 
liminary dilatation of the pupil. The best way of 
effecting this is to apply a 2 per cent, homatropine 
and cpcaine ointment to the eye about half an hour 
before examining it. The effect may be afterwards 
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counteracted by instilling a drop of eserine solution 
(1 per cent.). 

If the patient be unable to leave bed, indirect 
ophthalmoscopy may easily^ be carried out by the 
above method, provided he is able to be propped up. 
If that be impossible, place the lampoon the pillow 
above his head, and carry out the rest of the procedure 
as above. f 

2. Direct ophthalmoscopy. — -The patient is placed 
as before, but with the light a little behind and above 
the shoulder corresponding to the eye under examin- 
ation. The observer sits quite close to the' patient, so 
that his eye can be advanced to within- 2 in. of that of 
the latter. In examining the left eye of the patient, 
use your own left eye, and for his right use your right. 
Tilt the patient’s head and your own in opposite direc- 
tions, so as to avoid breathing one another’s breath. 
Arrange the ophthalmoscope with the small oblique 
mirror opposite the eye-hole, and its surface directed 
towards the light. The apex of the wedge formed by 
the tilt of the mirror should be directed towards the 
' root of the observer’s nose, when the instrument is 
held flat against his cheek. If there be difficulty in 
getting proper illumination of the dundus, move the 
source of light about until the bright-red reflection is 
seen through the pupil. Ask the patient to look over 
your shoulder at a distant object, and try to relax your 
own accommodation entirely. This is the real point 
of difficulty in the direct method. As one is desirous 
of seeing clearly the fundus of the patient, and as that 
is so near, one almost instinctively accommodates his 
own eye for a near object. With practice, however, 
this difficulty can be overcome. It sometimes helps 
one to achieve the desired result if he tries to think in 
a dreamy way of some distant object, and to picture 
it to himself . If it be found impossible at first to relax 
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one’s accommodation completely, it may be nullified 
by the use of a — 2 or 3 D lens behind the mirror. 

When the fundus has been brought into clear focus, 
its different regions mu§t be systematically studied, 
just as in the use of the indirect method. In order to 
see the disc by the direct method, look backwards and 
inwards obliquely into the eye, telling the patient 
meanwhile to look straight in front of him. 

In the case of a patient who is unable to rise 
from bed, the direct method may be applied in one 
of several ways. 

[ (1) The ‘observer kneels beside the bed at right 
angles to the patient, the light being placed on the 
pillow at the opposite side of the head of the latter. 
(2) The observer places himself at the top of the bed, 
so as to lopk down, as it were, on the patient’s eyes, the 
light being placed on the opposite side of the head 
from the eye to be examined. (3) If the patient be 
a child, place him across the bed, and kneel at the 
patient’s head, the light being held at the opposite 
side from the eye under examination. 

The images furnished by the two methods of 
ophthalmoscopy differ. In the indirect method the 
image is inverted, so that what seems to be the upper 
part of the fundus is really the lower, and the inner 
(nasal) side appears to be the outer, and vice versa. 
The image, however, embraces a large part of the 
fundus at one time, so that one gets, as it were, a 
bird’s-eye view of it. This method is, therefore, well 
suited for ordinary diagnostic purposes in medical 
cases. 

The image obtained by the direct method is an 
upright image ; consequently the different parts of the 
fundus are seen in their proper positions. The image 
embraces only a small part of the fundus at one time, 
but gives a magnified view of it. It is, therefore, well 
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suited for the minute study of pathological changes 
in the fundus. 

The image obtained by the modification of the in- 
direct method already described (i.e. by interposing a 
weak convex lens, and magnifying the image by a 
-|~ 2 D lens behind the mirror) is intermediate between 
the images obtained by the ordinary indirect and by v 
the direct method. It is an inverted image., pretty 
highly magnified, and shows also a fairly large part of 
the fundus at one time. 

We have said that the optic disc, the macular 
region, and the periphery of the fundus must be 
studied in detail in each case. We may now pass to 
a consideration of the special points to be taken note n 
of in each of these regions. 

1. Tlie optic disc. — Note— * 

(1) Its shape. Normally this is circular. Some- 
times it is oval. If there be astigmatism present, the 
disc will appear to be oval, although it is really circular. 
This apparent oval shape may be distinguished from 
that which is real by moving the lens backwards and 
forwards. . If the disc be really oval, it remains un- 
altered ; if it be only apparently oval, its shape will be 
found to vary with the position of *the lens. 

(2) Its colour. The normal disc is of a rosy tint, 
but distinctly paler than the rest of the fundus. The 
nasal side is normally rather redder than the other. 

In atrophy of the optic nerve the disc becomes 
very pale, and may even be dead white or greyish in 
tint. In active hyperemia of the disc its colour 
approaches in intensity to that of the rest of the 
fundus. Such active hyperemia is often present in 
high degrees of hypermetropia. In passive hyper- 
s&mlia of the disc the veins are alone affected, and 
the general tint is not altered. 

(3) The presence or absence of a physiological pit. 
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and its size. Do not mistake the pallor produced by 
a very large pit for the pallor of optic atrophy. 

(4) The character of the vessels. The arteries are 
normally distinguished from the veins by the follow- 
ing characters : They are only two-thirds to three- 
quarters the breadth of the veins, and they are not 
so dark in colour. They have a broader, better defined, 
and nacre continuous light stripe along their centres. 

Normally, the arteries do not pulsate. They may 
be observed to do so in cases of aortic regurgitation, 
and in increased intraocular tension. The veins some- 
times pulsate, even in normal eyes, owing either to 
the twisting of the arteries round them at points, ox 
to high intraocular tension. 

* (5) The edge of the disc. It should be clear and 
well dejined— especially at its outer side. As the 
vessels run across it, they should not be observed to 
tumble over at all. This “ tumbling over,” if present, 
is best evinced by the sudden disappearance of the 
central light stripe on the vessel. 

(6) The surroundings of the disc. This part of 
the fundus should be carefully searched if one is on the 
outlook for the presence of haemorrhages or tubercles, 
as both of thes$ are more often encountered in the 
immediate neighbourhood of the disc than at other 
parts of the fundus. 

Tubercles will be recognized as roundish, ill-defined, 
yellowish bodies, usually about half as large as the 
disc. Hcemorrfyages occur as bright-red or dark-red 
blotches, with flame-like margins. 

2. The macular region is situated, as we have 
said, about two discs’ breadth from the outer edge of 
the disc. It is recognized by being rather darker in 
colour than the rest of the fundus, by being very 
devoid of blood-vessels, and frequently by being sur ; 
rounded with a halo of reflected light, producing a 
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shot-silk appearance. The macula itself is in the 
centre of the region, and is rather pale in colour, and 
often glitters somewhat. 

Changes in the macular region are important, in 
that they interfere more with vision than similar 
changes in any other part of the fundus. In cases of 
albuminuric retinitis, a circle of white sjfots may often 
be observed arranged around the macula (p. 5^.1). 

3. Periphery, — Inspection of the periphery of the 
retina is important, as it is here that some changes — 
such, for example, as disseminated choroiditis and 
retinitis pigmentosa — are the earliest to beedetected. 

The following is a brief description of the chief 
changes met with in the fundus which are of import- 
ance from a medical point of view : — 

Optic neuritis. — In medical cases this i§ usually 
bilateral (double optic neuritis). It begins as a mere 
passive congestion of the disc, with slight oedema. At 
this stage the veins are fuller than normal ; on indirect 
examination the edge of the disc seems clear enough, 
but on closer inspection by the direct method it is seen 
to be slightly flufiy-looking. The change in the edge 
of the disc usually begins at its upper and lower mar- 
gins. These parts should therefore always be most 
carefully inspected. 

As the process progresses, it passes into true 
neuritis, or papillitis. The disc is now distinctly 
swollen. This is best recognized by the fact that, on 
direct examination, one requires (provided his accom- 
modation be fully relaxed) the aid of a convex lens 
behind the mirror in order to bring the vessels on the 
disc clearly into focus. The veins are still larger than 
before, and distinctly tortuous. Pathological tortu- 
osity of the veins occurs at right angles to the plane 
pf the retina. Tortuosity in the same plane as the 
retina may be quite normal. Often, the veins can be 
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observed to tumble, as it were, over the edge of the 
swollen disc. The arteries are smaller than normal, 
and may be partly obscured by the presence of exuda- 
tion. The edge of the disc is no longer clear, even on 
indirect examination, but fades off into the surround- 
ing retina. Small haemorrhages may be gbserved on 
or near the d®c. 

It m often important to decide whether the papil- 
litis is advancing or not. One ought not to form an 
opinion on this point unless he has already examined 
the disc on a previous occasion. The best criterion is 
the degree^f swelling of the disc . In order to estimate 
this, use the direct method, and be sure that your own 
accommodation is thoroughly relaxed. Notice first 
whether the retina can be seen quite clearly without 
the aid <*£ a lens. If the eye be emmetropic, one ought 
to be able to do so. If the refraction be abnormal, 
place behind the mirror the lens which is required to 
bring the vessels on the retina clearly into focus. Then 
look at the vessels on the disc. Owing to the swelling 
of the latter, the vessels are nearer the observer’s eye 
than they should be, and a + lens must therefore be 
brought behind the mirror in order to enable one to 
focus them clearly. The strength of the lens required 
is the gauge of the amount of swelling which is present 
in the disc. Suppose, for example, that one requires 
to use -f 1 D in order to focus the retina clearly (i.e. 
the patient has* 1 D of hypermetropia), but that in 
order to focus the vessels on the disc one requires to 
make use of a + 6 D, then there is obviously + 5 D 
of swelling. Boughly speaking, every 3 D = 1 mm. of 
swelling. In this way one can estimate the amount 
of swelling from day to day, and so determine whether 
the neuritis is advancing or receding. 

The above method, it is obvious, necessitates a. 
considerable amount of practice, and it is absolutely 
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essential for success that the observer should be able 
thoroughly to relax his own accommodation. 

Those who are unable to do this may use the 
following method instead of the above : Bring behind 
the mirror the weakest — of strongest + 16ns with 
which (a) the vessels on the fundus can still be clearly 
defined ; do" the same for (6) the vessels on the top of 
the disc. Then 


b 


- a 
3 ~ 


= the height of the disc in millimetres. 


Optic neuritis is present in most cases of cerebral 
tumour at some period of the disease. It occurs also 
in about 50 per cent, of cases of tubercular meningitis, 
although it is often late in making its appearance. It 
is very uncommon to meet with it in the simple basal 
meningitis of infants, and in ordinary acute, menin- 
gitis. It is also infrequent in cerebral abscess, and 
is not met with in cases of cerebral haemorrhage, or 
thrombosis. On the other hand, it is not infrequent 
in other than intracranial diseases, and especially in 
Bright's disease (most commonly in the form which is 
associated with cirrhosis of the kidney and thickening 
of the blood-vessels). It is also met with in lead- 
poisoning, and in some cases of anse^iia. 

Optic atrophy. — We have already mentioned 
that the most striking change in the fundus in this con- 
dition is the pallor of the disc and the smallness of the 
arteries on it. The atrophy (a) may be primary (e.g, 
in locomotor ataxy)— this is sometimes called simple 
atrophy ; or (b) it may be postneuritic ; or (c) it may 
follow degenerative changes in the retina. It is not 
always easy to say from a mere inspection of the 
fundus which variety it is that one has to deal with, 
and the longer the process has gone on the more diffi- 
cult does the diagnosis become. Look at the edges of 
the disc. If they be indistinct, especially if white 
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streaks can be seen radiating from them and pass- 
ing along the vessels into the retina, then one can be 
pretty sure that the atrophy is not primary but is 
postneuritic in origin. If the atrophy be secondary 
to changes in the retina the disc looks like a bit of 
dirty parchment, and pigmentary changes* will be seen 
in the retina* In atrophy without previous optic 
neuritis the thinning of the nerve fibres renders very 
visible the fibres of the lamina cribrosa, and the disc 
acquires a “ mottled ” appearance. The presence of 
such mottling should always be carefully noted. 

Albuminuric retinitis. — This condition of the 
fundus is met^with in some cases of Bright’s disease, 
especially in the very chronic forms. The changes 
consist in (1) the presence of optic neuritis with 
marked fullness of the veins ; (2) the occurrence of 
haemorrhages on or near the disc ; (3) the development 
of white shining spots around the disc at a distance 
of about three discs’ breadth from it, and of similar 
but much smaller spots arranged in a stellate form 
around the macular region. Any one of these sets of 
changes may be present without the others. These 
changes should be looked for in every case of chronic 
renal disease. # 

Tubercle of the choroid and haemorrhages 
in the retina have already been mentioned (p. 537), 
and their commonest sites pointed out. Tubercles 
maybe looked for in cases of suspected acute miliary 
tuberculosis and tubercular meningitis. As they only 
appear very late in, the affection, however, they are 
rather of 'pathological interest than of diagnostic 
importance. 

Betinal haemorrhages may be observed in any 
form of profound anaemia, but especially in per- 
nicious anaemia and leucocythaemia. They also occun 
in purpura. * 
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Embolism of the central artery of the retina may 

occur in cases of endocarditis. The appearance of the 
fundus is characteristic. Look at the macular region 
especially. There is present at it a peculiar round 
cherry-red spot. The disc its61f is pale and its arteries 
are empty. The retina as a whole is somewhat milky- 
looking from the presence of oedema. <* 

Disseminated choroiditis. — This is often An im- 
portant sign of previous syphilis. The changes 
observed are the presence of small white patches of 
various shapes and sizes, and disturbance of the pig- 
ment around them. These can be recognized as being 
situated in the choroid by the fact that the retinal 
vessels pass over them. In congenital syphilitic cho- 
roiditis there is often a marked heaping-up of pigment * 
around the patches, which are mostly circular jn shape, 

II. THE EAR 

Examine first the external ear. Note any pe- 
culiarity of shape, observe the presence of any tophi, 
tumour, or swelling, or the existence of any skin erup- 
tion upon it. Observe whether there be any discharge 
from the meatus ; if so, make a note of its character 
and odour. Note also whether ther$ be any redness, 
tenderness, or swelling over the mastoid. 

The meatus and membrane must next be 
inspected. Daylight is best for the purpose. Place 
the patient with the ear to be examined turned away 
from the light. Use a slightly concave mirror of about 
3 in, diameter and a focal distance of 6 in., with an 
elliptical slit in the centre. In order to catch the light 
properly the surface of the mirror should be turned 
slightly upwards. By this means the external audi- 
tory meatus can be inspected. Note the presence of 
#ny foreign body, of an accumulation of wax, of 
eczematous eruption or furuncles, or any other abnor- 
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mality, as the presence of such may contra-indicate 
the use of the speculum. 

Various forms of aspergillus may grow in the 
external auditory meatus and set up an otitis. The 
colour of the inspissated* discharge depends upon that 
of the aspergillus, being black where A. niger is the 
fungus. The structure of the growth can be seen if 
some o£the debris be mixed with a little liquor potassse 
and glycerine and examined under the microscope. 

In order to see the membrane a speculum must 
be employed. A metal speculum is best, unless one is 
wishing to jnake use of caustic applications, in which 
case it is better to use a vulcanite instrument. Choose 
a size of speculkm appropriate to the ear under exam- 
ination, warm it slightly, and introduce it so that the 
long diameter of its smaller end is placed almost ver- 
tically, but with a slight inclination from above down- 
wards and forwards. Take care not to introduce it 
too far — not beyond the cartilaginous part of the 
meatus. There is, of course, no use in attempting to 
dilate the osseous part. Having introduced the specu- 
lum, hold it in position by means of the forefinger and 
thumb of one hand, while the pinna is grasped between 
the ring and middle finger of the same hand, the mirror 
being held in the "other. The pinna should be pulled 
gently upwards and backwards, so as to straighten the 
meatus as much as possible. The mirror is held with 
its surface looking slightly upwards as before, and the 
membrane can then usually be seen on looking down 
the speculum. If the view be obstructed by the pre- 
sence of impacted wax, the latter should be removed 
by being first softened with warm almond or olive oil, 

' or soda solution (two teaspoonfuls of the bicarbonate 
to one pint), and then syringed out. 

The student will find that it is not very easy at first , 
to hold the speculum properly and at the same time 
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to pull the pinna upwards and backwards. It is there- 
fore better, if one can, to have the mirror attached 
to the forehead by means of a spectacle frame. This 
leaves both hands free to manipulate the ear and 
speculum, or to make applications by means of the 
probe, etc. r 

If an ear mirror be not at hand, the large mirror 
of an ophthalmoscope can be made to serve the pur- 
pose. The lens of the ophthalmoscope can also be 
held close to the speculum, and so a magnified view 
of the membrane be obtained. This is especially ser- 
viceable in examining the ears of children, 

A better magnified view of the membrane can be 
obtained by aid of the auriscope.* This instrument 
consists of a plated German silver cylinder, connected 
at one end with an ear speculum, and at the other 
with an adjustable magnifying lens. Light is admitted 
through a funnel-shaped tube in the side of the instru- 
ment, and is reflected on to the membrane by means 
of an oblique mirror. Artificial light and a buIFs-eye 
should be used. The patient is seated with the light 
on a level with his ear, and the bull's-eye against the 
end of the funnel. The auricle is drawn upwards 
and backwards with the left hand and the speculum 
gently introduced with the right, "it is best to use 
the largest speculum one can. 

, fost noticeable about the normal mem - 
brane (Fig. 137) is its bluish-grey Colour and translu- 
cency. A small white knucHe-like prominence may 
be observed towards the middle of its upper part, 
lhat is the short process of the malleus. Passing 
downwards and backwards, from it may be noticed 
the long process of the malleus, which ends in the umbo 
near the centre of the membrane. Passing forwards 

madVbjf MessS r MayS°& e MelteOT.^ Ca ^ 0 ' 1 ® ru ?^ on ’ s a “risoope, 
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and backwards from the short process of the malleus 
will be seen the anterior and posterior folds of the 
membrane. A triangular light portion of the mem- 
brane usually catches the eye, the apex of which meets 
the lower end of the harfdle of the malleus at an obtuse 
angle which opens forwards. This bright spot is due 
to the reflection of light. Its presence may usually be 
accepted as proof of a healthy state of the membrane. 
Immediately above the short process of the malleus a 
notch may be observed in the ring of bone which 
bounds the tympanic membrane. 

The part* of the membrane 
which fills in this notch is called 
the membr&na flaccida, or 
•^hrapnelFs membrane. It would 
be beyond the scope of this work 
to enter into a description of the 
various abnormal appearances 
which may be met with in the 
tympanic membrane. For the 
purpose of describing the situa- 
tion of any abnormality which 
may be observed, it is customary 
to divide the membrane into an 
anterior part, v^iich is in front 
of the handle of the malleus, and a posterior part, 
which lies behind it. Each of these is then divided 
by an imaginary line drawn through the tip of the 
hi ndle into a superior and an inferior portion. Four 
quadrants are thus obtained, and in making notes 
one should say that a perforation (e.g.) is seen in the 
anterior superior quadrant, and so on. 

Inflation of the middle ear. — It is some- 
times desirable to inflate the middle ear with air. This 
is best effected by aid of a Politzer’s bag. The bag % 
should have a piece of rubber tubing, about in, in 


f e 





Fig. 137. — Outer aspect 
of right tympanic mem- 
brane — double the na- 
tural size. ( After Barr.) 

a , short, process of mal- 
leus: l>, handle of mal- 
leus; c, limbo j d, cone 
of litflit; e, membrana 
flaccida ; /, p o s t. e r i o r 
fold ; a, long process of 
incus seen through the 
membrane. 
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length, attached to its nozzle. Give # the patient a 
mouthful of water, and bid him keep it in his mouth 
until he is told to swallow it. Introduce the rubber 
tubing into the lower part of one nostril, pinch firmly 
the other nostril and the upper part of the one into 
which the tubing has been introduced, and, holding 
the bag in the palm of the right hand, tfll the patient 
to swallow. The moment the larynx rises, squeeze 
the bag firmly, and the air will enter the middle ear. 

To ensure the entry of the air into* the ear, or to 
direct it into one ear only, the passage of the Eusta- 
chian catheter may be necessary. Hold the instru- 
ment lightly near the broad end with the thumb and 
two fingers of the right hand. With the thumb of the_ 
other hand push the point of the patient’s nose gently 
upwards. Pass the end of the catheter into the nostril 
with the curve of the instrument looEng downwards, 
and the handle somewhat lower than the point. Pass 
it backwards along the floor of the inferior meatus, and 
as soon as the curved part has entered the nostril raise^ 
the handle of the instrument until it is level, and con- 
tinue to push it backwards until it comes in contact 
with the posterior wall of the pharynx* Then rotate 
the instrument till its point is directed towards the 
middle line, and withdraw it until the curve hooks 
against the posterior end of the nasal septum. Now 
rotate the instrument, so that the point sweeps down- 
wards and then upwards and outwards, the handle 
being kept pressed towards the nstsal septum, and stop 
when the ring of the instrument is directed towards 
the outer canthus of the eye of the same side. The 
point of the instrument can then usually be felt to be 
arrested by the cartilaginous rim of the tube. The 
nozzle of a Politzer’s bag may now be introduced into 
the outer emj of the instrument, and' the inflation 
accomplished. 
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If one end of a rubber tube, with an ear-piece at 
each extremity, be inserted into the ear of the patient, 
and the other end into that of the observer, the latter 
can hear the sound which the air makes as it impinges 
against the membrane. * If a whistling sound be heard, 
it indicates the existence of a dry peroration. A 
bubbling soirnd shows the presence of fluid. 

• III. THE THROAT 

The methods of examining the fauces and the 
pharynx have already been considered (p. 50). In 
order to obtain a view of the larynx, one must have 
recourse to laryngoscopy. In performing laryngo- 
scopy the patient and observer should be seated oppo- 
se to one another in a darkened room, and about 
a foot apart. A light should be placed a little to the 
right (or left) ofcthe patient’s head and on a level with 
his mouth. An ordinary lamp will serve, but it is 
better to have an Argand burner, and it is also an 
advantage to have the light fitted with a bull’s-eye 
condenser. The observer adjusts the reflector to his 
head by means, of a forehead band or spectacle frame. 
If the former be used, the two knobs on the band 
should go against the root of the nose. It is then 
rotated on its ball-and-socket joint until the hole in 
the centre is directly opposite the right eye. This 
is ascertained by closing the left eye and observing 
whether one has & clear view through the aperture. 
One can also arrange the reflector so that it is in the 
centre of the forehead, and one then looks under its 
lower edge. This requires a little practice, but has 
the advantage of allowing one to make use of both 
eyes. It is also of advantage in the former method 
„ to have the aperture in the centre of the reflector in 
the form of an elongated slit rather than of a round, 
hole, as a better view is thus obtained. 
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The observer should next manipulate the reflector 
with both hands until the light is directed on to the 
patient’s mouth. He then selects a mirror, and 
warms it face downwards oyer the lamp until the 
moisture, which at first condenses on the surface, has 
all dried of&> He should also touch his cheek with 
the back of the mirror before inserting i£, in order to 
make sure that it is not too hot. Having warimd the 
mirror, he should hold it in such a way that it can be 
readily introduced and manipulated. On the whole, 
it is more convenient to hold the mirror like a pen than 
in any other way. It should also be held rather short, 
so that the hand of the observer can b,e steadied by 
resting the little finger on the patient’s cheek. r „ 

The mirror being ready, the patient is told to crane 
out his neck a little, and to open his mouth .and put 
out his tongue. The observer then throws a clean dry 
cloth over the anterior part of the latter, and grasps 
it firmly but gently between the forefinger and thumb 
of the left hand. It must be held firmly, but without 
any squeezing, and should then be, as it were, rolled 
out, as if round an imaginary axis situated near the 
hyoid. This manoeuvre has the advantage of causing 
a better elevation of the epiglottis, whilst it prevents 
any risk of injuring the tongue against the lower in- 
cisor teeth. Before introducing the mirror, make sure 
that the light from the reflector is concentrated on 
the back of the patient’s throat. This having been 
ascertained, the mirror should be introduced with its 
surface turned almost directly downwards, and passed 
rapidly back, care being taken to avoid touching either 
the tongue or the palate. The patient should be told 
to be sure to breathe regularly and through the nose. 
This serves to engross his attention. As the soft 
^palate rises during an inspiration, the back of the 
mirror is placed gently against it, opposite the base of 
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tlie uvula. The soft palate is then gently pushed 
upwards and backwards, and the handle of the instru- 
ment lowered or raised until the back of the epiglottis 
comes into view. The patient is then told to say Eh, 
and that usually causes the vocal cords to become 
visible. # 

If the r$lex excitability of the patient’s pharynx 
be v<py great, so that any attempt to introduce the 
mirror induces retching, the application of a 10-per- 
cent. solution of cocaine previous to beginning the 
examination will be found of great assistance. 

It mi*st be remembered also that one sometimes 
meets with a ^patient whose larynx baffles all attempts 
^ at inspection* owing to the position and shape of the 
'epiglottis. 

In studying the view obtained the true cords 
usually first attract attention owing to their gleaming 
white colour. They should move freely on phonation. 
Tracing them forwards, they are seen to converge and 
disappear behind the cushion of the epiglottis. Pos- 
teriorly they diverge and terminate in knob-like pro- 
minences, which are the apices of the arytenoid carti- 
lages. Immediately external to each of these is a 
smaller knob— the cartilage of Wrisberg. Passing 
backwards from each side of the epiglottis to the ary- 
tenoid cartilages are seen the ary-epiglottic folds. In 
favourable circumstances the observer can see down 
the trachea, and even as far as its bifurcation. This 
is facilitated by the observer placing himself at a 
lower level than the patient, and holding the mirror 
in such a way that its surface looks almost directly 
downwards. 

In observing any abnormal condition of the 
larynx, the chief points to be attended to are — 

I. The colour of the cords and mucous menv 
brane. 
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2. The presence of any swelling or ulceration! 
he m °bility °f the vocal cords. 

% The normal colour of the vocal cords is a pearlv 
white. _ In laryngitis they become red. Any increase 
or diminution in the redness of the laryngeal mucous 
memtame should be noted. In tnbSloufS! 
tions the mucous membrane is abnormally pale • in 
syphilitic conditions it is unusually red. * * 

P° si ti° n m and cliaracter of the swelling 
should be noted. Tumefaction of the ary-epiglottic 
*° lda %,° f the should be looked for in 

suspected laryngeal tuberculosis. Tumours $f various 
sorts on the true cords are occasionally met with. As ■ 

thiHlf UlC f 3 ’ n , ote their number, their position, and- 
the character of their floor. Tuberculous ulcers are 
sua y multiple, and are met with very frequently on 

fol ?‘ Syphilitic ulcers are usually 
single, and have a yellow, sloughy floor. 7 

3. Observe whether the cords come together nor- 
ally on phonation and open widely during inspira- 

S’!™ in"T or T'” 1 .* «“ 

ddr'r^^ ph “ atlon > or cord makes a 
sudden movement inwards and then goes back, the 

position being unsustained (Fig. J38 2 , 9 ) In 

£??&?* the cord 1 ** normal « 

(Kg! 138—4%)° m ° Ve 0UtWards agak 011 inspiration 

iJK^T i° f b ° th abduetors and adductors (para- 
s' 0 * the whole recurrent laryngeal nerve, or recur- 

tion Te 1 S tlle r d “ fixed “ ^ cadaveric posi- 
ibSion te, b6tW r com P le te adduction and 

This is much more common on the left 

ngll t Slde > 0TO ng to the greater hability 

araJh?? recurren t laryngeal nerve to be pressed 
upon by aneurysms (Fig. 138 — 6 7 8 ) * 

Adductor paralyse is usually the result of fane- 
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Fig. 138. — Diagram of larynx, 

normal larynx, respiration. Paiialysbs : 2, adductor, loft, plionation ; 3, 
adductor, right and left, plionation \ 4, abductor, left, respiration ; 5, abduc- 
tor, right land left, respiration ; 6, recurrent, left, plionation ; 7, recurrent; 
left, respiration; 8, recurrent, right and left, respiration and phonation; 
9, arytenoid, phonation ; 10, arytenoid and tliyro-arytenoids, right and left, 
phonation; XI, thyro-arytenoids, right and left, phonation. All drawn as 
seen in the mirror, i.e. patient’s left hand to observer’s right. 
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tional disease. Abductor paralysis, on the other hand, 
is the form of paralysis characteristic of an organic 
lesion of the nervous system. Bilateral adductor para- 
lysis or paresis is the cause of^the condition known as 
hysterical aphonia. 

If on pfyonation the cords come together incom- 
pletely, leaving an elliptical space between them, there 
is paralysis of the internal thyro-arytenoids present 
(Fig. 138 — If the anterior two-thirds of the cords 
come together, but leave a triangular cleft behind, the 
interarytenoid muscle is affected (Fig. 138 — V). For 
further details regarding these forms of* paralysis 
special works must be consulted. 

IV. THE NOSE 

Anterior rhinoscopy. — The position of the 
patient and of the observer, and the ‘’arrangement of 
the light and reflector, are the same as for laryngo- 
scopy. 

The anterior nares should first be inspected with- 
out the aid of a speculum. Tilt the tip of the nose 
upwards with the finger, and note the presence of any 
eczematous or ulcerated condition of the mucous mem- 
brane or skin. Observe whether any dried secretion 
or blood can be seen. Look for any swelling, ulcera- 
tion, or perforation of the cartilaginous part of the 
septum. 

Having noted these points, take a solid two-bladed 
speculum, warm, and introduce it. Hold it in position 
with the left hand, and gently screw the blades apart 
with the right. The first object to be observed is 
usually the anterior end of the inferior turbinated 
body.- Note whether it is larger than normal, or not. 
If it be enlarged, touch it with a probe, so as to ascer- 
tain whether the enlargement be osseous or due to 
swelling of the mucous membrane merely. Then 
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depress the patient’s chin somewhat, so as to bring 
the inferior meatus into view, and ask him to hold 
his head a little back, so as to obtain a view of the 
middle meatus and middle turbinated body. The 
latter is considerably lighter in colour than the inferior 
turbinated. The superior meatus can nev$r be seen, 
and the superior turbinated only very rarely. 

The presence of polypi should be specially looked 
for in these parts. Their recognition is facilitated by 
the use of the probe. Lastly, turn the patient’s head 
a little, so that the septum can be inspected. Note any 
deviation o£ it, or the presence of any prominence or 
spine, or the existence of any ulceration or perforation. 
^ 4 Swelling of the inferior turbinated body sometimes 
obstructs the view of the rest of the nasal cavity. The 
applicatiqji of a little 10-per-cent, cocaine on a pledget 
of wool will usually cause the swelling to disappear. 

Posterior rhinoscopy. — This is the only 
method of obtaining a view of the posterior nares. 
In carrying it out, the position of the observer, the 
patient, the reflector, and the light should be the same 
as for laryngoscopy. The patient, however, should 
have the chin rather depressed, the neck not being 
craned out as in tjie examination of the larynx. 

Select the smallest laryngeal mirror, warm it, and 
ask the patient to open his mouth. It is sometimes 
an advantage to have the shaft of the mirror bent 
back a little about 1| in. above the reflecting surface. 
Introduce a right-angled tongue-depressor, and hold 
down the tongue with the left hand. Take the mirror 
in the right hand, and pass it in with the surface look- 
ing upwards. Introduce it behind the soft palate, 
passing it along between the uvula and the left anterior 
pillar of the fauces. Now turn the mirror a little, so 
that its surface looks upwards and forwards. The 
posterior nares will then come into view. What one 



554 


THE NOSE 


[GHAfl 


usually sees first is the posterior end of the nas^ 
septum. It looks narrow, sharp, and pale in colon 
below, but expands a little and looks reddish above 
a slight cushion-like swelling can also be often seen I 
about the middle of it on each side (Kg. 139). | 

On thg outer wall the posterior end of the middle | 
turbinated bone can usually be easil/ seen as a large 1 
bluish-red swelling. Above it, one can see th& superior I 



Fig. 139. — Posterior nares and surrounding parts. 


l, septum; 2, middle turbinated bone; 3, inferior turbinated bone; 4, superior 
turbinated bone; 5, superior meatus; 6, middle meatus; 7, inferior meatus; 
8, mam pasBageof nostrils; s>, vault of pharynx; 10 , cushion of soft palate; 
11, posterior surface of uvula; 12, ridge formed by levator palati'; 13. sal- 
pingopharyngeal fold; 14. salpingopalatine fold; ifi, Eustachian cushion; 
16, fossa of Rosonmttller ; 17, Eustachian orifice* 


meatus and the end of the superior turbinated bone ; 
below it are the middle meatus and the upper part of 
the inferior turbinate. Observe the presence of any 
increase in size of any of these objects. Note also the 
general character and colour of the mucous membrane, 
or whether any mucus or pus can be seen adhering 
to it. Next turn the mirror a little upwards and to 
one side, keeping it 1 rather low down and with its 
back against the tonsil, and look for the cushion of 
the opposite Eustachian tube, which can usually be 
made out. ' It forms a bright-red rounded projection, 
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I, bounding a depression which leads to the orifice of 
the Eustachian tube. Observe whether there be any 
secretion at' the mouth of the latter, or any adenoid 
swelling of the mucous njembrane. 

Lastly, turn the surface of the mirror upwards, and 
examine the vault of the naso-pharynx, noting espe- 
cially the presence of any adenoid swelling or tumour 
in that region. Normally the roof should present an 
appearance not unlike that of the surface of the tonsil 
(Luschka’s, or the pharyngeal tonsil). 

Posterior rhinoscopy is often very difficult to per- 
form. The difficulty may be due to there being very 
\ little room between the posterior wall of the pharynx 
the soft palate. If this cannot be overcome by 
inducing the patient to breathe quietly through the • 
nose, or tg sniff, it may be necessary to introduce a 
palate retractor, But for a description of this process 
special works must be consulted. Even after the 
mirror is properly introduced, it is not always easy to 
recognize what one sees. This is largely due to the 
fact that only a small portion is seen at one time, and 
the mirror has to be turned about till every part has 
been viewed separately. Experience alone can over- 
come these difficulties. 



CHAPTER XI 


LOCOMDTORY SYSTEM (BONES, JOINTS, 
GAIT) 

The locomotory system includes the muscles, bones, 
and joints. The examination of the muscles is most 
conveniently considered along with that of the nervous 
system (Chap. IX.). There remain for Consideration 
the bones and joints. 

Bones and Joints 

In examining the long bones of the lim&s, look (1) ; 
at the condition of the shaft, (2) at°the articular ends. 

As regards the shaft, note any distension or bend- 
ing of the bone and any signs of a former fracture. 
Pass the hand along the bone, noting the presence 
of any tenderness or thickening of it. Thickening is 
most likely to be detected on the exposed surfaces of 
bones, e.g. over the anterior surface of the tibia and s 
at the lower ends of the radius and. ulna. Such thick- 
ening often affords valuable evidence of old periostitis, 
especially of the syphilitic form. 

As regards the etuis of the bones, note tfye 
presence of any general enlargement, such as occurs 
in rickets, or of any nodulation at the margins, such 
as one finds in rheumatoid arthritis. 

In examining a joint, note first the points which 
can be made out by simple inspection. Observe the 
position in which the patient keeps the joint; note any 
alterations in its contour, such as local or general 
swelling, and the presence or absence of any redness. 
Then pass to palpation, noting whether or not there 
55G 
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be any increase of local beat in the joint, wbetber it is 
tender to tbe touch, and whether one can make out 
the presence of any fluctuation in the joint cavity. 
Then try to move the joint, observing the degree 
of mobility in each direction, and whether or not 
attempts at movement produce pain. If # the joint 
be movable, note whether any sensation of grating is 
produced on movement. If the mobility be limited in 
one or every direction, try to form a conclusion as to 
the cause of the limitation, and especially whether it 
be due to changes in the components of the joint itself, 
| e.g. contraction of ligaments, or fibrous or bony anky- 
losis, or whether Jit be due to changes in the structures 
surrounding the joint, e.g. shortening of tendons. 
Jfext turn your attention to the synovial membrane. 
Try to m%(ie out whether there is any thickening or 
bogginess of it. *Lastly, examine the articular sur- 
faces of the bones, moving the joint (if possible) so that 
the edges of the articular surfaces can be examined 
with the fingers. Note the existence of any irregu- 
larity or thickening of these, and the presence of 
any outgrowth or “ lipping ” of them. 

The vertebral column and skull demand 
special attention, pbserve in the former the presence 
of any local projection of the vertebral spines. If such 
there be, state which are the vertebrae involved, and 
at which the projection is most prominent.^ In count- 
ing the vertebrae for this or any other purpose, one 
can take as landmarks either the spine of the ver- 
tebra prominens or the last rib, tracing the latter 
back to the 12th dorsal vertebra. 

In many cases, however, the last rib cannot be 
i distinctly felt. It is therefore rather untrustworthy 
as a guid.6. 

Note also the presence of any curvature of the 
spinal column as a whole, or of one part of it. 
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distinguishing carefully such general curvature from 
the local projections above referred to. , 

The curvature may be in an anterior or a posterioi 
direction, or laterally. Anterior curvature is termed 
lordosis, and is commonest in the lumbar region. 
General posterior curvature is spoken of as kyphosis. 
It occurs most typically in the dors&i region in old 
persons, and must be distinguished from 'the, localized 
angular curvature of spinal caries. Lateral curvature 
is termed scoliosis, and may be towards either the right 
or the left side. It is always accompanied by a rota- 
tion of the bodies of the vertebra in such a way that 
the spines come to point towards the concavity of 
the curve. An absence of the normal curves of th® 
spine may be an indication of commencing verteKi 
disease. 

Ask the patient to stoop dowii, and notice the 
degree of mobility of the vertebral column, and the oe-: 
currence of any pain during stooping, noting the exact; 
site of the latter if present. Then pass the hand 
down the vertebral column, and observe whether any 
tender spots can be made out. Such tender spots are 
not infrequently met with in hysteria and in cases of 
irritation of the posterior nerve roote. Their presence? 
can often be more easily elicited by drawing a sponge 
wrung out of hot water down the vertebral column : 
the patient complains of pain whenever the hyper- 
sesthetic area is reached. To elicit more deep-seated 
tenderness of the vertebrae, it may be necessary to 
punch the spines gently with the fist from above 
downwards, observing the point at which the patient 
complains of pain, and verifying the observation by 
repeating the process from below upwards.* 


,_■ * 4 4 et . tel ' m T etllocI . 01 " eliciting deep-seated tenderness of the 
111 early canes) is to press upon the ion of the mtient’s 
Wor/nponihe shoulders whilst he i “.the mrt poS 6 
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*In studying the skull, note first its size. For 
this purpose it may be necessary to take measure- 
ments. This should be done in three directions : (1) 
antero-posteriorly from the root of the nose to the 
external occipital protuberance ; (2) circumferentially 
at the level of a line drawn horizontally jound the 
skull from the Supraorbital ridges in front to the ex- 
ternal occipital protuberance behind; (3) coronally 
from one auditory meatus to the other. If the skull 
be abnormally small, the patient is microcephalic. 
This is frequent in some forms of idiocy. Abnormal 
enlargements of the skull occur in hydrocephalus, in 
^osteitis deformans, and in acromegaly.* 

Next observe the shape of the skull. Is it of the 
dolichocephalic (long-headed), or the brachycephalic 
(bullet-headed) type ? Are the two sides of the 
head symmetrical % Certain well-recognized types of 
abnormal skull are met with. In hydrocephalus the 
skull tends to assume a globular form. The forehead 
is overhanging and the eyes are pushed down so that 
the upper part of the sclerotic is exposed. The lateral 
aspects of the skull (above the ears) project outwards. 
If the patient be a child, as is usually the case, the 
fontanelle is wideband bulging, and often fluctuates 
very distinctly. The sutures may be opened up, and 
imperfectly ossified areas (craniotabes) may be de- 
tected in the bones. In rickets the skull tends to be 
square or oblong and box-shaped. The frontal and 
parietal bones often show central thickening (“ boss- 
ing ”).’ The forehead, however, does not overhang, 
nor are the eyes depressed, and although the fontanelle 


* The average normal circumference of the skull at different 
ages is as follows : — 


Birth .. .. 13 indies, 

Six months .. 16 „ 

One year .. .. IS , ,, 

Three years . „ 19 ,, 


Seven years . . 20 inches. 

Fifteen „ ♦ .. 21 „ 

Adult .. 22 „ 
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is usually widely open, it does not bulge as it does in 
hydrocephalus, nor are the sutures opened up. In 
congenital syphilis the forehead is vertical, the frontal 
eminences are often exaggerated, and the bridge of 
the nose is depressed. 

Having noted the general shape of the skull, ask 
the patient to open his mouth, so th&t one may see 
the hard palate. Observe its width and degree 
of arching. A high, much-arched, and narrow 
palate is often one of the minor signs of mental 
deficiency. 

Next proceed to the palpation of* the skull. 
Note first the thickness of the scalp, and whether it* 
moves freely, as it ought, upon the subjacent bone.* 
Atrophy and adherence of the scalp are apt to be aSstP 
ciated with skin diseases in this region, an$ are often , 
a bar to successful treatment. Observe the presence 
or absence of inequalities in the bones, such as may 
indicate the site of former injury or fracture. If a 
swelling be detected, pay special attention to its mar- 
gins, noting whether a hard rim can be made out, and 
whether or not the rim disappears on firm pressure 
steadily applied by the finger for a minute or two. In 
blood extravasations the rim disappears, in a depressed 
fracture it persists. Note also whether the swelling 
can be moved as a whole upon the skull, or not. If 
the patient be a child, note the condition of the 
fontanelles and sutures, and look for the presence of 
unossified areas in the bones ( craniotabes ). The best 
place to look for these is in the neighbourhood of the 
lambdoidal suture. They feel like little spots which 
are covered only by parchment. Observe the pre- 
sence of any tender spots or areas on the skull. For 
this purpose it may be necessary to tap i*he skull gently 
all over with the forefinger. If tenderness be detected, 
note carefully its maximum point. Such tender points 
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are sometimes met with in inflammatory affections of 
the cranial bones or membranes, and in cases of super- 
ficially situated intracranial tumours, but they may 
also be present in neuralgic affections of the scalp, 

‘The Gait # 

The character of a patient’s gait is often an 
important indication of the nature of the affection 
from which he is suffering. It is especially important 
in cases of nervous disease. 

In studying the gait, it is well, if possible, to have 
fhe legs fully exposed. Eor this purpose the patient 
should have on only a night-shirt or dressing-gown, 
which should 'be brought through between the legs 
Txom behind, and pinned up in front. The feet, should 
be bare. # The patient is told, to walk away from the 
observer, to tun? round at a given point, and then to 
come' towards him again. 

If it be desirable to obtain a permanent record 
of the patient’s footprints, one can have recourse to 
photography. Put on the feet a pair of woollen socks, 
and dip them in rather thick whiting. Ask the 
patient to walk along a smooth floor. The marks left 
by the feet, can then be photographed. 

In studying the gait, the points to be noted 
are — (1) Can the patient walk at all ? This being 
decided, one has to ask oneself — (2) Does he pursue a 
straight line, or does he tend to deviate to one side or 
the other, or to both alternately ? To bring out this 
point, it is well to ask him to walk along a straight 
fine — e.g. a crack in the floor. (3) Does he tend to 
>fall, and, i£ so, in what direction % These questions 
being settled, the next point to be decided is whether 
th& ’gait conforms to any of the well- recognized 
abnormal types. , Before one tries to make up one’s * 
-mind in this matter, however, it is well to be quite 
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sure that the peculiarity in the patient’s gait is not due 
to some surgical cause or to* local disease of a joint — 
e.g. rheumatoid arthritis of the hip. For example, we 
have known the peculiar gait which is affected by 
patients with congenital double dislocation of the 
hip to be mistaken for the result of weakness of the 
muscles of the back, and treated by r massage and 
electricity. A previous examination of the^ bones 
and joints will eliminate such sources of fallacy. 

The three chief types of abnormal gait due to 
nervous affections are — 

1. The spastic. 

2. The ataxic. 

3. The reeling. 

In taking a patient’s case, it is usually sufficient ;' 
to state that the gait belongs to one or^ther of 
these types, or is a combination df one or more 
of them. The chief peculiarities of each variety are 
as follows : — . • ■ ’ 

1. The spastic may be described as a “ sticky ” 
gait. The patient has difficulty in bending his knees, 
and drags his feet along as if they were glued to the 
floor, the toes scraping the ground at each step. The 
foot is raised from the ground by tilting the pelvis, 
and the leg is then swung forwards so that the foot 
tends to describe an arc. 

This gait is seen most characteristically in patients 
with lateral sclerosis of the cord. The hemiplegic 
gait is essentially a spastic gait in which only one leg 
is affected. 

2. The ataxic may bo described as a “stamping” 
gait. The patient raises his feet very suddenly, often 
abnormally high, and then jerks them forward, bring- 
ing them to the ground again witii a stamp, and often 
*heel first. - He seems to exhibit, also, an indefiniteness 

of purpose in the place chosen to put down the foot ; 



ABNORMAL GAITS 


563 


xx] 

and the feet while in the air do not move in one plane, 
but are waved about, as it were, before being set' 
down. By adopting a “ broad base ” the patient tries 
to counteract the unsteadying effects of his style of 
progression. This g^it is best seen in cases of loco- 
motor ataxy. # 

3, The reveling gait may be described as a 
“ drunken ” gait, and, therefore, requires no further 
description. It will be observed that patients with 
this gait walk “ on a broad base,” the feet being 
planted widely apart. It is important to notice 
whether supporting the patient by his axillae abolishes 
the reeling tendency. In some cases of cerebellar 
disease, such support has been observed to abolish 
the patient’s vertigo for the time during which he is 
supported- 

This gait occhrs most typically in cases of cere- 
bellar lesion. It is, therefore, sometimes referred to 
as a “ cerebellar gait.” 

Some rarer varieties of abnormal gait may be 
briefly referred to. These are — 

The 44 festinant ^ait.” This is the form of gait 
met with in typical cases of paralysis agitans. The 
patient is bent forwards, and advances with rapid 
short shuffling steps, so that, as has been said, “ he 
looks as if he were trying to catch his centre of 
gravity.” In some cases, if one suddenly pulls the 
patient backwards, he begins to walk backwards, and 
is unable to stop ‘himself, though he is leaning for- 
wards all the time. This peculiar phenomenon is 
spoken of as “ retropulsion” 

The waddling: or oscillating gait is like the gait 
of a duck. 'The body is usually tilted backwards, there 
being a degree of lordosis present ; the feet are planted 
rather widely apart ; and the body sways more or less 
from side to side as each step is taken. The heels and 
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the toes tend to be brought down simultaneously 1 . 
The chief peculiarities of this gait are due to a diffi- 
culty in maintaining the centre of gravity of the body 
owing to weakness of the muscles of the baok. It is 
met with in pseudo-hypertrophic, paralysis and in con- 
genital dislocation of the hip. 

The high-stepping or prancing gait is a device 
adopted by the patient to avoid tripping from his 
toes catching the ground. It is, therefore, met with 
in cases where the toes tend to droop from weak- 
ness of the extensor muscles, e.g. in peripheral neuritis 
affecting the anterior tibial nerve.. The -name suffi- 
ciently describes its characters. 



CHAPTER- XII 

CLINICAI* EXAMINATION OF CHILDREN 

The clinical examination of young children is a matter 
full of difficulty to the inexperienced, for it has to 
be carried out not merely without the help of the 
patient, but often in spite of his strenuous opposition. 
In, this ckipter we propose to point out the best 
methods of ascertaining the necessary facts, and also 
Jbhe chief points in which the child differs from the 
adult in a clinical sense. f 

The history of the patient and his illness must, of 
course, in the c8,se of young children, be ascertained 
from the mother or friends. The best scheme of" 
interrogation to employ will be found on p. 11. 
Whilst the history is being elicited, opportunity may be 
taken to cultivate the friendship of the child or, at all 
events, to get him accustomed to one’s presence. The 
history having been ascertained, one proceeds to an 
examination of Jhe child. This requires gentleness 
and deliberation, combined with infinite patience and 
good temper. , If one is at all hurried or rough, the 
chili begins to ^ry at once, and the subsequent exam- 
ination is rendered a thousandfold more difficult. We 
would emphasize the fact that it is almost impossible 
to be really systematic in one’s examination of chil- 
dren. Certain things must always be looked for, but 
no definite order can be observed in looking for them. 
One has to seize the opportunity of ascertaining a 
fact as it' presents itself, and a rigorous adherence to 
“ systems 79 is often out of the question. In the first* 
place, a number of points can be ascertained before 
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the child is undressed. One can study the faciei 
of the child, note its complexion, the colour of its 
lips, and whether or not the alee nasi are acting. 
One should also at this period of the examination, 
count the respiration- and pulsq : rate ; it is very im- 
portant to get these noted while the child is still 
undisturbed. c 

The respirations can usually be counted by 
merely watching the movements of the child’s abdo- 
men, that being very much more affected by respira- 
tion in young children than is the chest. The normal 
rate of a new-born child is 40 or so resprotions per 
minute, by the second year they have, fallen to 30 or 
so, at the fifth year they are about 25, and by 
fifteenth they have sunk to 20. Much more impor? 
tant than the absolute number of xespiratipns is the 
ratio of respiration to pulse. Normally this should 
be as 1 : 3£ or 4. 

The pulse is best counted by allowing the mother 
to hold the child’s hand in hers ; the fingers of the 
physician are then quietly slipped oven the mother’s 
hand on to the child’s wrist, #and the pulse counted. 
If the child has begun to cry* it is useless to take the 
pulse-rate, as it may be at' least 2Q beats above the 
normal rate. The pulse-rate at birth should be 130, 
by the second year it is 110, by the fifth 100, by the 
eighth 90, and by the twelfth 80; after this it gra- 
dually sinks to the normal adult rate. During sleep 
the pulse-rate always falls about 10-20 beats. As a 
matter of fact, the examination of the pulse in infancy 
is of comparatively little clinical value. It is of little 
use as an index of* the .vital powers, the Tontanelle 
replacing it in that reject. The vessel being ex- 
tremely small, the characters of the pulse-wave can 
hardly be ascertained ; irregularity by itself is of com- 
paratively little significance, 'being very common even 
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in healthy infants, and being almost the rule in sleep. 
A pulse which is continuously slow and irregular is, 
however, of great significance. 

These preliminary facts having been noted, the 
child should be stripped and placed in a blanket on 
the knee of the mother or nurse ; examination must 
then be proceeded with by the usual methods of in- 
spectjpn, palpation, auscultation, and percussion. In 
the clinical investigation of children it must be noted 
that the two former methods are of much the greatest 
assistance. 

It is -well to begin by looking and feeling the child 
all over. One notes the general state of development 
and nutrition ; the state of the skin, whether dry and 
Severed, or moist, and the presence or absence of any 
rash or^kin eruptions, and whether or not the normal 
degree of elasticity is present. The shape of the chest 
and the degree of prominence of the abdomen should 
be noted, it being borne in mind that the rickety and 
pigeon-breasted types of chest are very common in 
diseased children, and that a rather protuberant 
abdomen is to be regarded as normal. The hand 
should then be lightly passed over the head. The 
state of the anterior foil t and I e should first be in- 
vestigated. The fontanelle closes normally between 
the fifteenth month and the second year. If it re- 
main patent after the second year, it is often a sign 
of disease-r— usually of rickets. Too early closure of 
, the fontanelle occurs in some forms of microcephaly 
and idiocy. 

The degree of tension of the fontanelle is of great 
importance. ^In health it pujsates distinctly, and 
is neither sunken nor unduly elevated. A depressed 
fontanelle is an important sign of exhaustion ; a 
tense fontanelle indicates increased intracranial pres- 
sure. It must be borne in mind, of course, that the 
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fontanelle is normally tense when the child is crying 
The systohc bruit heard over the fontanelle isX 
cumcal importance. 

The shape of the head and of its bones must 
m yestigated. The development of “bosses” 

bLLv Ti i 0CCU3 ? cnce m rickets, Especially in 
syphilitic children. One should also look for evidence 
of cramotabes (m young babes) and of rheumatic 
nodules (m older children). The general shape of the 

bnvlr a 7° Ie - sho . uId aIwa 7 s be noted ; if may be 
„°^" ^ apecI .; :is ln nckets, or globular as^in hydro- 
cephalus ; it may be abnormally small or large 7 or it 
may be asymmetrical* ' < s ’ 11 

boner D fn r nVi? e h !T J ’ ° ne may examine the Ion? 
manv nt +n clul dren this is of extreme importance ; 

and most sef5ous diseases of 
S w L ? t the bones more prominently than any 
p rt of the body. Look for thickening or ten- 
derness along the shafts of the bones. Tks mav be 

Sis o°r toT 7 ’ t0 S} ? h0itic or t0 su ppurative pifs- 
T?l, + !r°T- Examine carefully the epiphyaes 
milr b f° me eidar g ed - TMs is most easily 
i - nbs ]0111 their car tilages, the thfcken- 
mg there forrnmg a row of bead-C prbmkSes 
( rickety rosary ”). It is also easily*^ I SKSST 

f&tvm*** ciceran 9 n id 
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movable, but not tender. If found, they are patho- 
gnomonic of rheumatism. The vertebral column 
should always be examined for signs of tubercular 
disease or curvature. 

At this point, if :qpt earlier, the child’s tempera-* 
ture should be taken. In young children the ther- 
mometer shorfld be inserted into the rectum, or placed 
in the $roin or axilla ; in older children it may be 
placed in the mouth. It should be remembered that 
the temperature in children is much more variable 
than in adults, and that it often rises on very little 
provocation. 

One must now proceed to the examination of tjxe 
thorax an<t abdomen. The front of the chest and 
abdomen may be examined together, and either after 
or befcrej:he posterior aspect of the chest. The order 
adopted should *be, first, inspection and palpation, 
then auscultation, and, last of all, percussion. Per- 
cussion is left to the last owing to the fact that it 
frequently makes the child cry. 

In palpation, be sure that the hand is quite 
wanm ; this ;s even more important in examining a 
child than in the case of an adult. In auscultation 
one should use either the immediate method— the ear 
being applied to* the skin directly (this is only applic- 
able in examining the back)— or else one should use a 
binaural stethoscope * The latter enables one to 
follow slight movements on the part of the child better 
than one can with a wooden instrument. If the che^t- 
piece of the stethoscope be made of metal, remember 
to warm it before applying it to the chest. There is 
only one point to be observed in.the percussion of 
a child, and that is, that the stroke should be light. 


chest-piece of the stethoscope should he 
the chiid is on his mother’s knee there is often 
between hint and her. 


short, for when 
but little snaee 
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This is not merely in order to avoid frightening tW 
little patient, but also to escape the confusion which ; 
is apt to arise from the excessive resonance of the 
child’s chest. 

When the abdomen and' fr^nt of the chest have 
been run pver in this way, one should turn his atten- 
tion to the posterior aspect of the liings. 3?or the 
examination of these, the child should not b& laid on 
his face, as that interferes with respiration, and causes 
the abdominal viscera to push up the diaphragm,! 
but he should be held against the mother’s breast 
with his head looking over her shoulder. In this 
way the whole of the back of |he chest can be gone 
over. r _ , 

Last, but by no means least, comes the examinaS 
tion of the mouth and tlii'oat. It is impossible to; 
exaggerate the importance of systematically examine 
ing the mouth and throat in all cases of illness in 
children. At the same time, it is just this part of the; 
clinical examination in which we are most likely to 
meet with opposition ; and for that reason it is left? 1 
to the last, as it may be necessary to employ coercion 
in order to get it carried out. 

Begin by looking at the tongug. Sometimes the 
child will put out the tongue when asked. In little- 
babies gentle pressure on the chin will often cause the 
mouth to be opened, when a view of the tongue can 
be obtained. Or, if a drop of milk or a little sugar be 
placed just outside the lip, the child will often put 
out its tongue in order to lick it off. In more refrac- 
tory children it maf be necessary to push the lower 
lip over the teeth, and then to press the lip down 
against the lower incisors. The child then opens the 
mouth in order to avoid having the lip cut. With very 
Obstinate children one may be obliged to compress the 
nostrils until the mouth is opened to get breath. 
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Once the child has been induced, either voluntarily 
or by aid of one of the above devices, to open the 
mouth, one should note the state of the buccal mucous 
membrane, remembering the frequency of thrush, 
stomatitis, and ulcerafions in children. In cases of 
suspected measles, Koplih’s spots should J)e carefully 
looked for. # They consist of irregularly stellate or 
round^rose-red spots, with a bluish-white speck in the 
centre of each. They are to be found on the inside 
of the lips and on the buccal mucous membrane, espe- 
cially opposite the upper molars. At first they are 
very sparie, but later on become more numerous, and 
the red parts may then coalesce into large areas dotted 
with the bluish-white specks. They should always be 
looked for in strong sunlight if possible, and never by 
artificial light. They %re of considerable diagnostic 
importance, fo/they may precede the appearance of 
the skin eruption by three or even five days. The 
number and character of the teeth should be observed 
(see also p. 47), and the finger should be run along the 
gum to feel for any teeth that may be about to come 
through. 

One must then proceed to an examination of 
the throat. Thg child should be wrapped in a towel 
to restrain the movements of its arms. The mother 
or nurse sits down opposite a good light and takes 
the child on her lap. Another assistant steadies the 
head from behind. The child having then been in- 
duced or compelled to open its mouth, one introduces 
a small-sized tongue-depressor and holds down the 
tongue, thus exposing the pharynx. The finger will 
often serve instead of an instrument, and has the 
advantage of frightening the child less. Look for any 
enlargement of the tonsils, for any redness of the 
mucous membrane, and especially for the presence on 
it of any membranous patches. 
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Palpation of the pharynx must also be carried 
out in many cases. To do this one must stand behind 
the child, and, when the mouth is open, push in the 
cheek from one side between the molar teeth. This 
serves as a gag, and effectually prevents the child from 
attemptingfeto bite. The forefinger is then passed to 
the back of the pharynx and up behifid fcfie soft palate. 
Note the presence of any adenoids, o*r any bulging 
, into the posterior wall of the pharynx, which may be 
\the indication of the presence of a retropharyngeal 
\bscess. 

\W e have now indicated the general routine method 
to b^sqaployed*in examining a child, but there remain 
some poin tg whic h we have not yet taken u p^ ) 

These under the different 

systems : — \ # 

1. General con Special importance 
attaches to the regular weighing 0 £ children. Altera- 
tions in weight from time to time are of much help in 
prognosis and treatment. It shouiff he remembered 
that a healthy child should weigh at birth about 7 lb. 
This should be doubled by the timM&e fifth month is 
reached, and trebled in the first j#&ar* By the sixth 

* The following summary of the chief facts, noted in the 
general inspection and palpation of a child may Ire x.f service. It 
is taken from a scheme m use by Dr. John Thomson' — 

Appearance (if healthy or otherwise),— nutrition 's^d develop- 
ment — complexion (anasmia, cyanosis, jaundice, etc, ^ state of 

skin (dryness, moisture, eruptions, desquamation, pigmentation, 
cedema)— attitude, expression, demeanour, temper^ - 

Shape of head and state of its ossification (fonlf&neik „ cranio- . 
tabes)-— facial irritability — hair — eyes, nose, and ears (Sr ma tlon 
of, and if any discharge from) — shape of thorax, abdomt^ back, 
and limbs (especially the hands)— enlarged glands— evi^cQ 0 f 
rickets, syphilis, and tuberculosis. .• % 

Character of voice, cry, and cough— rate and chara^ er 0 f 
respiration; if noisy, dy^nosic, or painful— movements Cf ai^ 
nasi— rate and character of pulse— temperature; " f 

* Palpation of abdomen (tenderness, resistances' fluid,' siz$ 0 f 
shyer and spleen, tumours, etc.). 
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year it is again doubled, so that a healthy child of six 
should weigh about 3 stones. This is again doubled 
when the fourteenth year is reached. 

Measurement of the head is often of importance. 
Two measurements r are r usually sufficient — a coronal 
measurement from one auditory meatus the other, 
and a circumilereiLtial measurement at the level of the 
root o&the nose and external occipital protuberance.* 

2. Alimentary system. — Note that the liver is 
normally rather large in children, and usually reaches 
at least J in. below the costal margin. Enlargement 
of the spteen is very frequent in infantile diseases. 
It is best made out by palpation, the hand being 
passed across r the child's abdomen from right to left. 
j3y depressing the finger-tips opposite the 11th inter- 
space th£ edge of the spleen, if the organ be enlarged, 
may be felt as fc descends during inspiration. 

Inspection of the stools should never be omitted. 
The healthy infant, on the breast or bottle only, 
has two or three stools daily. These should be of 
the colour and consistence of beaten-up eggs. Any 
alterations in frequency, colour, or consistence, or 
the presence of worms, should be carefully noted. 

3. Circulatory system.-— Note that the apex 
beat of the child is normally rather higher than in the 
adult. It is normally outside the mammary line up to 
the third year, in the mammary line from the third 
to the tenth year ; after that age it gradually assumes 
the adult position. It should also be observed that 
alterations in the general contour of the praecordia ’ 
are milch more frequent results of cardiac disease in 
children than in adults. As regards auscultation, it 
should be remembered that the pulmonary second 
sound in a young child is normally rather louder than 

* For normal circumferential measurements of the skull at-' 
various ages, see*p. 559, footnote. r 
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The tmlmonary second, is accentuated if 

fb, ^, a » “• ^ “ aic 

second isaccentuated. if it be as loud as the pulmonary. 

Remember also that heroic bruits are very rare m 
, . f ® wlli le congenital bruits ar S relatively very fre- 
aurnt W*bave already mentioned that the cardiac 
Aytm in the child is not infrequently ifregular even 

in "healthy K is aometim « diffl.ult't. 6« 

.U.g. e.ougl. a^of blood ^ ^ ^ 

lasted round the (?«»* toe — not too *>» 

latter punctured with a triangular needle at the root 
la , tt ® •, Tn verv young children, nucleated red 

blood-corpuscles are normally present m the blood in 
s3 numbers.* 

in the child than m the adult , 12,000 per c.mm. 
about the average number throughout infancy The 
Nucleated leucocytes are both relatively and abso- 
lutely more abundant than in the adult amountmg to 
about 45 per cent, of the total leucocytes m the first 
three years. In new-born babies the percentage of 
hemoglobin is often very high, but throughout the 
rest of infancy it is lower than m the.adult. 

5 Respiratory system.— A child uses the dia- 
phragm much more than the intercostals m breath- 
La Hence the movements are chiefly abdominal, 
and there is little real chest expansion Mrawmg 
of the lower interspaces on inspiration should always 
be looked for-- It occurs whenever there is obstruction 
to the entrance of air (e.g. diphtheria), but may also 
be present when there is collapse of the lower parts 
of the lungs, and also in pneumonia, in extra- 
auscultation ” one should be on the look-out for any 
.stridor, and for the existence of a short, grunting 
* This is only true during the first few days of life. 
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expiration. The latter is a frequent sign of severe 
respiratory disease. In the adult the normal cycle of 
respiration is, of course, inspiration, expiration, pause. 
In the child this is often reversed, so that one gets first 
a short expiration, succeeded by a longer inspiration, 
and then by a pause. This reversal is specially fre- 
quent in respiratory disease or embarrassment. The 
respiratory pauses are often very prolonged in the 
child, so that one has to wait a long time if one is 
auscultating before the next inspiration is heard. The 
normal breath sound in the child is, after the age of 
six months^or so, puerile in type. Vocal resonance 
is often difficult to estimate. In babies one may make 
use of the cry*as a producer of vocal resonance; in 
older children one may ask them their name, get them 
to count, ^tc. It should be remembered as a general 
rule that if the breath sounds are distinctly harsher on 
one side than the other, then the harsh side is prob- 
ably the normal. Children’s chests conduct sound very 
readily. Hence abnormal sounds, especially crepita- 
tions, are very apt to be heard on both sides, although 
they are really only being produced on one. The great 
frequency of collapse of part of the lung should be 
borne in mind ii^ diagnosing pulmonary disease in 
infancy. In percussing the lungs in children one must, 
as already mentioned, use a very light stroke. One 
should also take care only to percuss when the chest 
has been filled by an inspiration, otherwise one may 
be led into thinking that there is dullness present. 

It should also be remembered that the chest 
wall of a young child is so elastic that one can often 
obtain the <e cracked-pot ^ sound on heavy percussion, 
even although the lung be perfectly healthy. This is 
especially apt to occur if the child be crying. 

6. Urinary system. — It is difficult to collect the 
total quantity of urine passed by a child per diem. 



576 EXAMINATION OF CHILDREN [chap. 

A rough table of the average quantity for each child 
will be found at p. 31 1„ Sugar is very rarely present 
in the urine of children, but albumin is often met ,j 
with, even in healthy babies^ 

7. Nervous system. — Mo^or paralysis is to be 
made out <by watching whether the child ever moves 
the suspected limb. One cannot estimate the paralysis 
as one does in adults, by means of passive resistance. 
Remember that inability to walk is not necessarily a 
sign of paralysis of the legs. One must note whether 
the legs are moved when the child is sitting or lyings 
Thus a rickety child may not be able t* walk, but ' 
moves his legs freely if one tickles the soles. A child 
with infantile paralysis of the legs cannot move tha^ 
limbs in any circumstances. " - * 

The knee jerks in little children are be^t elicited 
by placing the child’s foot on one’s Band as a stirrup, 
and then gently percussing the tendon. The latter 
lies rather to the outer side in the child, and is com- 
paratively narrow, so that one may easily miss it. 

The superficial reflexes are usually more brisk in 
healthy children than in adults. The exact localization 
of sensory paralysis is extremely difficult in children, 
but sensory lesions occur only rarejy in infancy. 

In examining the eyes with the ophthalmoscope, 
the direct method is the best to employ. The child 
may be examined while lying on its back, a lamp 
being held alongside the head, but at a somewhat 
lower level. It may be necessary to hold open the 
lids; but as far as possible .avoid touching the child 
at all. One must often be satisfied with mere fleet- 
ing glimpses of the disc. 

In testing light perception in little children, it is 
best to hold a candle in front of the eyes, an^d sea-if 
they attempt to follow its movements. One ma^fdsgj 
^hreafen, the cornea by suddenly bringing the finger 
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near it, and observing whether the child winks before 
the eye is touched. 

In examining the ears, one must remember the 
shortness of the auditory meatus in the child, and the 
great obliquity of the drum membrane. The magni- 
fication of the view by means of an ophtl^lmo'scopic 
lens is a useM aid in these cases. 

It p often difficult to gauge the intellectual 
capacity of a young child. Early signs of idiocy are 
— inability to support the head, which often rolls 
about helplessly;- causeless screanfing; inability to 
notice things ; and backwardness in grasping. 

In older children we can inquire as to progress at 
school, etc., or ask the patient questions ; get him to 
count, multiply, and so on. The position of the child 
in the school is also a rough guide to the development 
of the intelligence. 

A normal child should have begun to walk a little 
by the age of 18 months. Talking begins at a variable 
time after this. The distinction drawn by West 
between children that are idiotic and those that are 
merely backward may also be of help in the inves- 
tigation. A backward child would be normal for a 
younger age ; an jdiot would be abnormal at any age. 



CHAPTER* XIII 


EXAMINATION OF PATHOLOGICAL 
FLUIDS 

In this chapter we propose to deal with the method 
of examining fluids which may be obtained from 
one of the body ’"cavities or from abnormal growths, 
in order to acquire information which ma# be of help 
in diagnosis. 

The fluid is obtained by means of 'exploratiojn. 
An ordinary hypodermic needle may be employed, but 
special exploring needles — which are really merely 
large and strong hypodermics — are° also sold. The 
needle should be of such calibre as to be capable of 
sucking up oil. If it can do that, it will be able to 
suck up any fluid likely to be met with in exploring. 
Before being used, the needle should be sterilized. 
This is best done by slipping it into a test tube, cover- 
ing it with water or weak carbonate of soda solution, 
and boiling for three minutes. should then be 
placed in boric lotion. The use of strong carbolic 
lotion for sterilizing exploring needles is to be avoided, 
as it produces a coagulation of albuminous fluids, 
which may block the needle or cause the fluid to seem 
opalescent. The patient's skin should be cleansed 
with some 1 -in-20 carbolic acid, or with iodine solu- 
tion, at the spot selected for puncture. As a rule, it 
is not necessary to employ any local anesthetic. In 
very nervous patients a small spot of skin may be 
frozen by means of the ethyl chloride spray. It 
■ should be remembered, however, that the local re- 
action after freezing often causes more pain than the 
578 



EXPLORATION 579 

original puncture. The needle should he held short, 
with the forefinger of the .operator resting on it near 
the point. It should be introduced rapidly and 
steadily, but without a try “ stab.” When the needle 
has been fully entered, the piston is withdrawn. 
Should no fluid be obtained, the needl% # is drawn 
slowly outwards, whilst a negative pressure is main- 
tained in the syringe. It may then be found that 
fluid is obtained nearer the surface. 

Where to Puncture 

In the mse of the pleural cavity the puncture is 
best made in the 9th or 10th space midway between 
the posterior axillary and scapular lines, this being the 
* point at which fluid that is lying free in the cavity is 
most like^ to be obtained. In cases of localized dull- 
ness, one must b£ guided, of course, by circumstances. 
Usually, one selects that point where the dullness, 
as estimated by the feeling of “ resistance ” on per- 
cussion, is most absolute and the breath sound faintest. 

Puncture of the peritoneal cavity may be per- 
formed either in the middle line through the line& alba, 
^ or laterally, about a point on a line with, but rather 
above, the anterior superior spine. The former posi- 
tion ensures that no large blood-vessel will be injured ; 
but by lateral puncture one is more certain of entering 
fluid, especially if the patient be turned over some- 
what on to the side of operation. Before puncturing 
in the middle line, be sure the bladder is empty, and 
never insert a needle at any point unless it yields a 
' dull note on moderately heavy percussion. 

In puncturing the pericardium it is probably 
safest to select a spot between the apex beat and the 
outer limit of the pericardial dullness. ' A fine needle 
should be used. 

lumbar puncture is now commonly resorted 
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to for ascertaining the character of the effusion m 
cases of increased exudation into the subdural space. 

It is performed as follows : Draw a line horizon- 
tally across the patient’s back at the level of the 
highest points of the iliac crests. r Make the puncture 
\ in. belo^r and to the right of the middle point of 
this line (i.e. in the 4th lumbar space). The patient 
should be lying in the left lateral position with knees 
and chin approximated. Local ansesthesia may be 
produced with the ethyl-chloride spray. A platinum- 
iridium needle, about 8 cm. in length and provided 
with a stiletto, is the best puncturing instinment, and 
it may be mounted for convenience (but not for suc- 
tion) on an all-glass syringe. An antitoxin needle or , 
a fine trocar will also serve the purpose. The needle * 
should be passed horizontally forwards an^ a little 
inwards, pushing firmly through the ligamentum 
subfiavum until the arachnoid sac is reached. The 
syringe is then detached and the fluid allowed to 
escape slowly until about 5 c.c. have been collected 
in a sterilized test tube. The puncture is closed with 
collodion. Strict antiseptic precautions must, of 
course, be observed throughout the operation”, and 
it should not be performed unless the patient can 
rest for at least twenty-four hours afterwards. 

For the characters of the fluid, see p. 587. 

■ In the exploration of cysts, etc., one must be 
guided by local circumstances, the rule being to select 
for puncture that part of the tumour which is nearest 
the surface, and where one is not likely to injure 
important structures. 

Examination of the Fluid 
t The fluid, having been obtained, should be trans- 
ferred to a conical glass and allowed to settle. 

Note first its ptiysicalcharacters. The chief 
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of these are the colour, consistence, specific gravity, 
odour, and the appearance of the deposit (if any). 

As regards the colour of the fluid, one of the most 
important points to note is whether it be blood-stained 
or not. It must b$ borne in mind, however, that a 
small amount of blood is apt to get into^he fluid in 
the process olE exploring. Observe, also, whether the 
fluid b« transparent, opaque, or opalescent. 

Opacity is usually due to the presence of cellular 
elements ; opalescence to fatty particles or large 
numbers of micro-organisms. 

Opacity or opalescence due to fat may be removed 
by adding to % the fluid some caustic potash solution, 
then shaking up with ether. The fat is dissolved out, 
and, if the ether be sprinkled on to blotting-paper, 
leaves abstain. Eluid which is opaque from the pre- 
sence of much iat is usually spoken of as “ chylous, 55 
and is derived from the thoracic duct. It may be 
simulated very closely by a “ pseudo-chylous 55 fluid 
in which the milkiness is due to a lecithin-globulin 
complex which is held in suspension by the inorganic 
salts present. Removal of these by dialysis* causes 
the precipitation of the lecithin-globulin body and 
the disappearance of the opalescence. 

Pathological fluids are usually of a more or less 
watery consistence. Viscidity usually indicates the 
presence of mucin. It should be carefully noted 
whether or not the consistence of the fluid alters on 
standing. Many pathological fluids clot after stand- 
ing for some time. The clot consists of fibrin. 

The specific gravity is taken with a urinometer ; 
the same precautions being used as in the case of 
urine (p. 318). 

Most fluids are devoid of odour; sometimes, 
however, they are extremely fetid. 

The amount and colour of the deposit should be 
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noted. If red, it probably consists of red blood- 
corpuscles ; if white, it may 0 be made up of leucocytes, 
cancer cells, etc. 

For chemical invest igatlon the fluid should 
first be filtered. In the examination of the filtrate 
the following points must be attended to : — 

1. The 'reaction. This is almost invariably alka- 
line. Sometimes it is neutral. • a 

2. The presence of serum albumin and serum 

globulin. This is ascertained by means of the same 
tests as have already been described for the urine 
(p. 342). If these proteins are present in large amount, 
the fluid is coagulated^ on boiling, even although the 
reaction be alkaline. If proteins are scanty, the fli^d 
should first be rendered slightly acid by means of 
dilute acetic acid. , r 

As in the case of the urine, nothing is gained by 
testing for albumin and globulin separately. Pro- 
teoses and peptone are almost never found in the 
fluids under consideration. 

The quantitative estimation of albumin and 
globulin cannot be accurately carried out in ordinary 
clinical work. Approximate results may be obtained 
by the use of Esbach’s tube. The fluid must first be 
very freely diluted, so as to bring the specific gravity 
down to 1008, and should then be rendered acid by 
means of acetic acid. 

3. The presence of mucin or nucleo-protein is 
proved by the appearance of a precipitate on the 
addition of acetic acid insoluble in excess. 

4. Sugar should be tested for by rendering the 
fluid slightly acid, boiling, and filtering. The filtrate 
is then evaporated down to a small bulk, and the tests 
for glucose described at pp. 353-9 are applied. 

5. Urea is not often present, except in traces, in 
ordinary pathological fluids. In fluids derived from 
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t£e urinary organs it may be more abundant, and 
should be tested for by removing all proteins by heat, 
evaporating the filtrate to a small bulk, and then 

testing for urea as described on p. 330. 

* 

Microscopical Examination of the Sediment 

Some of the deposit is taken up with a jSipette, and 
a drop # of it placed on a slide, covered, and examined. 
If desired, films of it may be made in the same way as 
in the case of blood (p. 234). This succeeds fairly well 
if the deposit consists of cancer cells. 

One m^y recognize under the microscope (1) ele- 
ments derived from the blood — altered red and white 
corpuscles. The recognition of altered white corpuscles 
of pus cells is facilitated by mixing with a drop of the 
deposit a small quantity of a 1-per-cent, solution of 
acetic acid to Which a little methyl green has been 
added. The nuclei are then more easily recognized. 
(2) Epithelial cells of various sorts. The recognition 
of cancer cells is of special importance. The addition 
of a little picrocarmine or magenta facilitates the pro- 
cess. Do not mistake ordinary endothelial cjells for 
them. Cancer cells should be large, numerous, and 
show grouping here and there. The cells met with in 
fluids derived from malignant ovarian cysts, or malig- 
nant peritonitis following such cysts, are known as 
Foulis* cells (Fig. 140). They are large cells contain- 
ing one or more nuclei about the size of a red blood- 
corpuscle. They may either have a smooth outline 
or may show little buds or projections indicating rapid 
proliferation. Very similar cells are met with in effu- 
sions due to malignant disease of the pleura. In fluid 
derived from hydatid cysts, scolices and hooldets may 
be found (p. 109). (3) Crystals — e.g. of cholesterin 
(Fig. 141) or of fatty acids (Fig. 142) — fragments of 
muscular tissue, etc., are sometimes met with. (4) 
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The pus from cases of actinomycosis contains small 
seed-like nodules. If one of, these be bruised between 
a slide and a cover-glass, and examined with the high 
power, it will be seen to consist of a central mass 


mi 


mm 


Fig. 140.— Foulis cells. 

of detritus, radiating from which are a number of 
club-shaped highly refractile bodies (Fig. 143). If 
there be any difficulty in identifying the fungus, 
cover-slip preparations should be made, and stained 
by Gram’s method (Appendix, 23). For other stain- 
ing methods, see pp. 635-6. (5) The detection of the 
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v Amoeba dysenterise in the pus of abscesses, espe- 
cially in the liver, is often of great diagnostic value. 
The organism is described at p. 112. If one fail to 
find it in pus removed by exploration, or in that 
obtained when the %bscess is first opened, one must 
not jump to tbe conclusion that it is %ot present 
in tbe abscess. It frequently does not appear in tbe 
discharge until three or four days after tbe abscess 
has been opened. This is probably to be explained 
by tbe fact that tbe 
habitat of tbe organ- 
ism is iu «fche wall of 
tbe abscess (Manson). 

GInebal Chaeactees 

of the Principal 
Fluids # 

1. Inflammatory 
and dropsical 
effusions. — - Inflam- 
matory effusions are 
often spoken of as 
exudates; dropsical, 
effusions as transudates. They present tbe same 
general appearances, being clear fluids of a yellowish- 
green colour, and containing much albumin and 
globulin. It is very difficult to tell a dropsical from 
an inflammatory fluid by chemical or other examina- 
tion. It would appear that the' amount of proteins in 
an effusion depends much more upon site than upon 
cause. Pleural fluids contain tbe highest percentage 
of protein, peritoneal fluids rather less, and subcu- 
taneous fluids very little. Tbe fluid in cardiac dropsy 
is more highly albuminous than in dropsy of renal 
origin. From a diagnostic point of view, all that* 
one can say is that a fluid with a specific gravity 



Fig. 141.-— Cholesterin crystals. 
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more 



1018, which contains more than 4 
r per cent, of protein, is 
almost certainly inflam- 
matory ; while one with 
a r specific gravity of less 
than 1015, and a protein 
percentage °of less than 
2|, is certainly dropsical. 
Between these limits one 
must he in doubt. Nor 
is the occurrence of 
coagulation in Jhe fluid 
after tapping of much 
help. If f the coagula- 
tion be very rapid and 
complete, the ^fluid is 
probably inflammatory, 
bub considerable coagula 
may form*even in purely 
dropsical fluids after standing for some time. Varia- 
tions in the specific 
gravity, etc., of fluids 
obtained by repeated 
tapping in the same 
case are of no prog- 
nostic value. A marked 
rise in specific gravity 
and amount of protein 
may, however, 
the supervention 
flammation. 

2. Fluid obtained 
bylumbarpuncture. 

— Ordinary cerebro- - * 

« spinal fluid is perfectly Fig. 143,-Golony of actinomyces in 
clear and colourless, r "* ~ 


Fig. 142. — Fatty needles and fatty 
crystals in degenerated cells. 



pus, from a ca^e of actinomycosis 
of the caecum, x 300, 



various Pat&ological Fluids 



moved 

foiling) 
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resembling distilled water, with a specific gravity 
of 1006. It contains very little globulin per 
cent.),* and if evaporated to a small bulk and tested 
will be found to reduce Fehling’s solution, owing to 
the presence of dextrose. Thiscis the kind of fluid 
which is fo*ind in cases of cerebral tumopr. In cases 
of meningitis the fluid is not clear, but turbid from the 
presence of cellular elements. The turbidity may be 
so slight that it is only noticed after shaking the fluid 
and holding it up to the light. It contains quite an 
appreciable amount of protein, varying from \ per 
cent, in chronic cases up to 1 or 2 per ceift.rin those 
which are acute ; and a small clot of : r fibrin usually 
appears in it after standing for some time (“ cobwefc- 
coagulum ”). It does not usually contain any reduc- 
ing substance. In acute cases of merpngitis the cellu- 
lar deposit consists chiefly of lymphocytes when the 
disease is due to the tubercle bacillus, r and chiefly of 
polynuclears when it is due to the udeningococcus, 


pneumococcus, or a pyogenic organism. In subacute 
chronic inflammatory cases of all sorts, and in some 
degenerative conditions — e.g. tabes and general para- 
lysis-lymphocytes predominate. The bacteriological 
examination of the fluid is of specialjmportance, and 
should be carried [out as in Chap. XIV. The detec- 
tion of trypanosomata is dealt with in Chap. V. 

The following method is sometimes helpful in 
the detection of tubercle bacilli in cerebro-spinal 
fluid: Four or. five c.c. of the fluid are placed in a 
sterilized test tube, which is wrapped in cotton- 
wool and allowed to stand for three to six hours. 


* Globulin is tested for by running some of the fluid on to the 
top of some saturated solution of ammonium sulphate in a test 
tube. If globulin be present a ring forms at tbe junction of the 
'two fluids. It is increased in amount in cases of syphilitic and 
parasyphilitic disease of the nervous system. 



XIII] GENERAL CHARACTERS 589 

|i A small fine eoagulum will then have formed, in 
which the tubercle bacijli are gathered in clusters. 
The clot is removed, placed on a large cover-glass, 
teased, and dried. The cover-glass is passed thrice 
through a flame, ^taihed with carbol-fuchsin, de- 
colorized with nitric acid (1 to 5 of wat^r), washed 
in alcohol, afid counterstained with meth^ene blue. 

3. Jfor the chief characters of the other fluids likely 
to be met with/on exploration, see table on p. 587. 



CHAPTER r XIY 

gLINICAL BACTERIOLOGY 

In order to make a complete bacteriological examina- 
tion, three methods of observation f are necessary. 
These are microscopic study of the organisms, their 
cultivation on suitable media, and the effects pro- 
duced by their inoculation into various animals. To 
obtain material, and to carry out the subsequent 
examination, the following instruments, all of which 
must be thoroughly sterilized immediately before use, 
are required : — 

1. Platinum needles,* about r 3 in. in length 
and sufficiently stout not to bend very readily, fused 
into glass handles. Some of these shcfald have their 
ends curved into a small loop, others ought to have 
the last half-centimetre bent at right angles to the 
rest oh the wire, whilst a few should remain straight 
and have their free extremity somewhat flattened like 
a narrow spatula. 

2. Small sterile pipettes. — fror clinical use, 
ordinary vaccination tubes, carefully sterilized and 
then sealed off, are very serviceable. A few larger 
ones are also needed. 

3. Swabs for collecting exudate from sore 
throats or false membranes. To ? make these, a 
piece of stiff copper wire, about If mm. in 
diameter (No. 17 standard wire gauge), should be 
employed. A portion, 7 in. long, should have a 
flat loop made at one end, round which a small 

9 * When platinum wire is not procurable, “ resistance ” wire 
(No. 25) mounted in aluminium handles is an excellent substitute. 

590 
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piece of absorbent cotton-wool must be firmly 
twisted. Wool must nqjb be used that bas been 
rendered antiseptic with mercuric chloride or other 
disinfectant. A test tube about an inch shorter than 
the wire is then selected, and its mouth plugged with 
a stopper of cotton-wool, through which the wire 
passes. Thefeafter the tube with its contained swab 
is car^ully sterilized by heat. (For swabbing the 
retropharynx a*similar outfit may be used, in which 
the free end is given a curve* suitable for its being 
turned round the back of the soft palate.) Several 
such sw^hfs should be taken to the patient, and, 
after having been used to collect the material 
which requires examination, can be replaced in 
their test tubes and brought back to the laboratory 
without Jear of contamination. 

L A hypodermic syringe which can be steril- 
ized by boiling. The most useful pattern is the 
“ Beeord,“ in* which there is a graduated glass 
barrel with an accurately fitted metal plunger. 
The parts of the syringe must be separated before 
boiling, and, before use, put together with forceps 
N^terilszed in a flame. 

In order to sterilize the swabs, test tubes, and other 
apparatus, a small dry-heat oven is required ; the 
workroom should also contain a centrifuge, test tubes, 
beakers, flasks, funnels, filter-papers, a Bunsen burner, 
capsules, watch-glasses, forceps, slides and cover-slips, 
stains and reagents, and a good microscope, magnify- 
ing 750-1,000 digftneters. If cultures are to be made, 
an incubator and a number of other accessories are 
necessary in addition to those already enumerated* 

The capsules should be of silica, nickel, or 
platinum, and should be used, whenever heat has 
to be applied to staining fluids, in place of watch-, 
glasses, which crack readily. These capsules should 
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be scrupulously washed, and sterilized by heating io 
redness in a flame. r 

Slides and cover-glasses, — The latter must be 
of No . 1 thickness , and both should be cleansed with 
Van Ermengem’s solution. Thereafter they may be 
kept in a covered vessel under alcohol until they are 
required. *{See Appendix, 32.) 

The most generally useful forceps for Adding 
cover-glasses are those known as Cofhet’s. In these 
the spring is so arranged that the cover-glass is firmly 
held until released by pressure, and the blades are 
constructed so that the cover-slip is in ^horizontal 
position when the forceps are laid down. The two 
blades of the forceps should be dissirhilar, one side 
having an aperture punched in the spring. The film 
side of the cover-glass should invariably correspond 
with the aperture ; this obviates alf risk of error in 
preparing and mounting the specimen. In selecting 
a pair of Cornet’s forceps one should reject any which 
when laid on the table fail to hold the cover-slip hori- 
zontally, and also those the ends of whose blades meet 
at a somewhat acute angle, as they are less secure in 
their grip, and are apt by capillary action to draw off 
the stain from the film. Ordinary^ cheap dissecting 
forceps with strong blades are 5 also useful. 

The stains which are most employed belong to the 
basic aniline dyes, and are either simple aqueous and 
alcoholic solutions, or contain a mordant, such as an 
alkali, carbolic acid, or aniline oil, which makes the 
bacteria take up the stain better a2id retain it more 
firmly. For most purposes the following stains 
suffice : — 

I. Fuchsin , . Saturated alcoholic solution. 

% Gentian violet . „ „ „ 

3. Methylene blue . „ watery „ 

4 Bismarck brown (vesuvin) . Aqueous „ 
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5. Gram’s reagents, . . • 1 ‘ 

6. Ziehl-Neelsen’s stain (for tubercle) [See Appendix, 

7. Loffler’s stain . • . . j 23-26. 

8. Oarbol-tbionin blue . * * J 

The stains must # no% be kept too long, must be 
frequently filtered, and should be examined from time 
to time for Bacteria, which occasionally iiwade them 
— especially when the solutions are aqueous — and 
which, unless detected, may lead to serious mistakes. 

The stains most used consist of 1 part of a 
saturated alcoholic solution and 9 parts of distilled 
water. jEsamples of the stronger stains are found 
in the Gram, Ziehl-Neelsen, and Loffler stains. The 
first of these \s of special importance, as by means 
ot it specific differences in bacteria emerge according 
as they do or do not stain when the method is 
applied. For dtdinaTy purposes methylene blue or 
carbol-thionin blue should be used ; neither of these 
tends to overStain a preparation. Where, with one 
of the stronger stains, overstaining occurs, this may 
be corrected by washing out the excess with alcohol 
or weak acetic acid. * 

Ifor mounting the specimens one employs Canada 
balsam in xylol. # It is very important to remember 
that some stains make bacteria look larger than 
others do, and also that their apparent size is less 
when they are mounted in balsam than when the 
examination is made with a drop of water. When 
cultures are desired, tubes containing bouillon, nu- 
trient gelatin, blood serum, plain agar, and glycerine 
agar must be provided. These can be obtained from 
dealers, but are better prepared in a well-equipped 
laboratory. The details of preparation are outside 
the scope of this textbook. 

The method of examination which is most* 
readily available in clinical work is the preparation of 
2 m ‘ 
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films on cover-slips. Either of the following pro- 
cedures may be followed: (1) A No. 1 cover-slip 
which is thoroughly clean and dry is taken, and a 
very small drop of the fluid under examination is 
spread over it in a thin laye? by a sterilized platinum 
needle. (If the material be too solid, as is often the 
case witlf cultures or when cheesy particles are being 
examined, a drop of distilled water must be a$ded and 
intimately mixed with the mass on the cover -slip.) 
The excess of fluid is allowed to evaporate by holding 
the preparation, film* upwards, some height above ^ 
flame. The film is then “fixed 55 by pacing it three' 
times through the flame. Sufficient of tlfe stain to 
cover the entire surface of the cover-glass is now, 
filtered on to the film. After the lapse of a coflple' 
of minutes, wash the slip with water, remove the 
water by draining with filter-paper ,$lry it thoroughly, 
and mount in xylol balsam.* (2) A film may be made 
on a slide, and either mounted in balsam with a cover- 
slip, or examined by putting a drop of immersion oil 
directly upon it. 

The specimen must be examined with a high-power 
objective. In most instances an oil immersion, lens 
of T V in. focus should be used, although in many cases " 
a lower power, such as a Zeiss D* objective (with a 
No. 4 eye-piece), may be sufficiently strong for clinical 
purposes. The microscope should be provided with an 
Abbe condenser, the diaphragm of which must be used 
fully opened, and the plane mirror employed to reflect 
the light. The inner tube of the* microscope should 
be drawn out to the length for which tl|e objective 
is constructed. Continental objectives mostly work to 
best advantage with a tube length of 160 mm. English , 
objectives require a tube length of 10 in. 

* Some stains, e.g. Lofller’s methylene blue, take much longer, 
and others, e.g. carbol-fuchsin, stain so deeply that partial de- 
coloration may be necessary, For details, see Appendix, 25, 27, 
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* In using the oil immersion lens, a drop of prepared 
cedar oil is placed on th^ cover-glass, and the objec- 
tive lowered by the hand or coarse adjustment until 
it touches the surface of the oil ; the focusing is then 
carefully performed witB. the fine adjustment. As the 
lens is delicate and £he working distance anall, great 
care must be taken not to bring the lens and cover-glass 
into contact ; and when the observation is completed 
the cedar oil mhst be gently wiped from the surface 
of the objective with a piece q£ old silk. Lenses on 
which the oil has dried must be cleaned with xylol, 
not with aipohol. 

Living bacteria may be observed by means of a 
hanging-drop preparation. To make this, a slide with 
a Hollow ground in its surface is required, and for use 
vaseline is smeared round the hollow. A clean square 
cover-glass is lfid on the bench, a drop of bouillon 
placed on its surface, and a little of the culture is 
emulsified in the bouillon. The vaselined slide is 
lowered upon the cover-glass, which adheres to it. 
The preparation is then turned cover-glass side up. 
An experienced worker may examine for motility by 
simply placing a drop of the culture on a slide and 
putting a cover-^lip upon it. 

In examining a hanging-drop preparation, as in 
testing for Widal’s reaction, care must be taken not 
to break the unsupported cover-glass in focusing with 
the oil immersion lens. The following procedure is 
advisable in such cases : Find the edge of the drop 
with a low-po'fref* objective (and a small diaphragm), 
and observe that beyond this there is an area of 
minute point's of water condensed on the under sur- 
face of the cover-slip. This dew should be brought 
to the centre of the field, the low-power lens being 
replaced by the oil immersion, and the latter directed , 
•upon the dew, which is much more easily focused 
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than are the contents of the hanging drop itself^ 
The slide is then moved r without altering the focus , 
until the drop occupies the field of vision, and its 
contents both near the centre and towards the peri- 
phery can be examined witfioufi any risk of breaking 
the preparation. Once the focus of the upper sur- 
face of the drop has thus been defined, 0 careful use of 
the fine adjustment will readily bring any other plane 
of the preparation into sight. 

The organisms most commonly present in patho- 
logical secretions may be separated by smearing tfe 
material on the surface of sloped agar or ^blpod serum. 
To do this the tube containing the pathological fluid 
is held between the thumb and first finger of thedejja 
hand, so that the mouth with its stopper of cotton- 
wool is on the palmar side. The tube to be4noculated 
is similarly held between the first and second fingers 
of the same hand, with the surface of the nutrient 
medium upwards. The tube should* be so held that 
any water of condensation present dbes not run over 
the surface of the mediuih. A platinum needle is then 
takA. in the right hand, sterilized by heating to bright 
redness, and allowed to cool again. The plug* ©f the. 
specimen tube is gripped between $16 fourth and fifth 
fingers of the right hand, the dorsal surface of the 
hand being towards the tube, and withdrawn.* The 
needle is then dipped into the specimen, and the 
smallest trace of it is taken. The plug is now replaced 
in the specimen tube. The plug of the nutrient tube 
is then removed in the same mannkr, and the charged 
needle is drawn gently in a single waved line along 
the surface of the nutrient medium. The plug is at 
once replaced, the needle again sterilized, and tlr 
culture placed in an incubator as soon as convenient 
When micro-organisms are very abundant in the; 
specimen, several tubes should be successively inocu- 



XIV] BACTEKIA IN SPUTUM 597 

’ • . £ 
iated without recharging the needle. In this way, 

though the growth is excessive in the first, in the third 

or fourth the colonies are more scattered, and pure 

cultures may he separate^ out. 

When a number *of tubes are being dealt with, 
a cheap metal pen-rack is a convenient support on 
which to lay the needle after it has been sterilized. 

Special Methods 

1. Sputum. — The sputa which are most import- 
ant bacteriologically are those of pneumonia and of 
pulmonary -ftiberculosis. In'pneumonia the diplococci 
are most readily found when the disease is at its height. 
Belief} a .rust-coloured portion of sputum, spread if in 
as thin a film as possible, dry, and stain with carbol- 
fuchsin or*vith Hjp’s capsule stain (see Appendix, 29). 

In tuberculous sputum much of the success depends 
on the choice of a suitable specimen. The sample 
should be chosen from the interior of one of the muco- 
purulent masses that are seen underneath the serous 
fluid portion. If the mass is* so tenacious that a suit- 
able piece will not adhere to the needle, spread 1 the 
sputurft in a shallow glass vessel and either pick out 
the part required #vith sterilized forceps or plunge a 
hot needle into the mass, when a portion will adhere 
to it ; care must be taken not to use the centra] 
charred mass. When the sputum comes from a 
phthisical cavity, it may contain almost pure cultures 
of tubercle bacilli in its interior, though the outei 
surface of the mass naturally is contaminated during 
its passage through the paouth. To prevent confusior 
from multiplication of contaminating organisms, the 
teputum should always be examined as soon as possible 
after it has been expectorated. (Frontispiece, b.) 

In cases of haemoptysis the best specimens in whicl 
to seek for bacilli are often the small dark-red cloti 
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r , O' 

that are coughed up a day or two after the attack • 
has subsided. <* 

In acute miliary tuberculosis without typical tuber- 
culous sputum, it may be almost impossible to demon- 
strate the presence of the bacilli. ^ 

The deletion of tubercle bacilli, wfyen these are 
scanty, in sputum, pus,, etc., is facilitated by the use 
of “ antiformin,” which has a dissolving action" on the 
tissue elements present. # Antiformin is a mixture of 
equal parts of liquor sodse chlorinate (B.P.) and of 
15 per cent, solution of caustic soda. One part 
added to five or six of the material to be^enaminedj 
and allowed to act for two or three hqurs ; the fluid* 
is then centrifuged. Films are made from the deposit,! 
which ought to be scanty, and are stained for the 
bacilli in the usual way. # r 

When a suitable specimen has been obtained, it 
should be spread very thinly and evei^y on a cover- . 
glass, and dried carefully over a flame. It should 
then be placed film downwards on the top of a little 
carbobfuchsin stain contained in a capsule, and the 
fluid heated to boiling. If the film be made on a 
slide, the latter is held in stout forceps in the Bunsen 
flame till a sharp burst of bubbles #of steam occurs. 
Then wash in water and decolorize in a 20-per-cent, 
solution of sulphuric acid until the ground material 
of the specimen is a pale pink. As a rule, this is 
accomplished in from one to three minutes, Wash 
very thoroughly in water, then treat for one or two 
minutes with alcohol, dry, and mount in balsam. 

The specimen must be examined with a high 
power and good illumination — by preference with an 
oil immersion lens and Abbe condenser — though for 
clinical work a lower power is often sufficient. 

° Many workers prefer to counterstain with a watery 
solution of methylene blue for half a minute. This 
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-lias the advantage of revealing the other elements 
present in the sputum. It is, however, important to 
avoid overstaining the background, as this makes it 
more difficult to pick out the tubercle bacilli. All that 
is necessary is to colour £ke other elements enough to 
make them visible. ^ 

'2. Blood. — The only satisfactory method ‘of ex- 
aminin^the blood for bacteria ‘is to withdraw 2-5 c.c. 
from a vein by # means of a syringe. The syringe, 
which should have a capacity 'of at least 10 c.c., must 
be rendered thoroughly aseptic by boiling before use. 
As steel ne&lles are rapidly rusted by exposure to the 
air after being boiled, they may, on removal from the 
wa^er, be plunged into a tube of absolute alcohol and 
kept there until required, or, instead* of boiling water, 
hot oil ifcay be # employed to sterilize them. The 
median basilic vein is usually selected as suitable in 
size and position, and, after the surrounding skin has 
been cleansed % painting on tr. iodi, it is rendered 
prominent by applying a proximal bandage to the 
arm. The needle is sharply introduced in the direc- 
tion of thfc blood-stream, care being taken th£t its 
point Remains in the lumen of the vessel, and the 
required amount ,of blood is abstracted. The left 
thumb should be pressed on the point of entrance of 
the needle, and, the syringe being withdrawn, the 
k arm bandage should be then removed ; this proced- 
ure prevents any subcutaneous leakage from the vein. 
The blood should be immediately transferred to 
several tubes of nutrient broth, glucose broth, nutrient 
agar, or other media, not more than 1 c.c. of blood 
being added to each tube. The tubes are incubated, 
land further examination, by the microscope and by 
subculture, is made in the laboratory. This method 
should always be adopted when the presence of bac- 
teria in the blood is suspected. Puncture of the 
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spleen has been advocated on the Continent, but $ ; 
may lead to unpleasant symptoms.* 

The direct microscopic examination of films of the 
blood is practically valueless, because in most cases the 
number of bacteria present in !he # circulating blood is 
small. j 

3. Urine may be examined, after carSful disinfec- 
tion of the meatus, either by drawing off a sample 
from the bladder with a sterile, cathetef, or by making 
the patient pass water, .aM, after the, first' portion of 
the urine has cleansed the urethra, collecting the 
remainder in a sterile wide-mouthed stopper# bottle. 
The centrifuge should be invariably used to secure a 
fdeposit without delay, and the latter then examin^jg 
One of the moib important bacteria that may Tie 
found in the urine is the tubercle bacillus. JDhe pus 
which is separated from the suspected urine by 
centrifuging is spread not too thinly on a cover- 
glass, which is washed in sterile distilled water, and 
then manipulated in the manner already described 
for tuberculous sputum. In cases where the sediment 
contains small purulent-looking lumps, time shoul|l 
be selected to smear on the cover-glas^. ^Washing 
with distilled water dissolves son^e of ' Ihe salts 
present, and the tubercle bacilli are then * much 
more easily demonstrated. 

The bacilli when found frequently occur in clumps, 
but it may be necessary tmg^mine, six or more pre- 
parations before a clump isuiscdvered. f 
• One of the chief sources of faMey in ex aminin g 
for tubercle bacilli results ff ora the presence of the 
smegma bacillus, which has very similar morphological 
characteristics, and also resists the decolorizing action 
* 

. * Similarly, some observers have punctured the lungs, liver, 
Sndother organs to secure uncontaminated samples of the bacteria 
which they contained. 
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* of sulphuric and nitric acids. To distinguish it the 
cover-slip should be immersed for ten minutes in a 
solution of hot caustic soda to which 5 per cent, of 
alcohol has been added. The specimen is thereafter 
washed with water $ncf absolute alcohol. Tubercle 
bacilli thus treated still retain the stain wh^n exposed 
to the action Sf mineral acids, whilst the smegma bacil- 
lus is decolorized. Our experience has been that the 
smegma bacillus* is usually decolorized by a m inute's 
exposure to absolute alcohol lifter treatment with sul- 
phuric acid, and therefore we regularly treat all films 
in which* suspect the presence of tubercle bacilli 
with alcohol, as described under the examination of 
sputum (p. 593). • 

In cases of cystitis the most commonly found 
organisms are tlje bacillus coli, the gonococcus, and 
the tubercle bacillus. In some instances, especially 
Jn women or in persons on whom catheters have been 
passed, the ordinary staphylococci of suppuration are 
also present in large numbers.* 

In urethritis resulting from gonorrhoeal infection 
the gonococcus is present, but is often associated with 
numeTous other diplococci, which are not very readily 
distinguished fr<$m it. Since it is of importance 
medically as the cause of certain affections which 
resemble rheumatism, it is necessary to be able to 
recognize it. Eilms may be made in the ordinary 
way, stained lightly with watery solution of methy- 
lene blue, or by Gram’s method, using weak carbol- 
fuchsin (1 part £o 20 of water) as a counterstain. 
The organism will be described subsequently *(p. 624). 

* The name “ bacteruria n has been given to conditions where 
; the urine, on being examined immediately after it is passed, is 
found to contain bacteria without there being evidence of inflam, 
mation. By some the term is applied to cases where the bacteria 
present. are not tubercle bacilli or the ordinary micrococci of* 
suppuration. 
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4. Pus and other fluid exudations are 

best obtained from the cavity in winch they lie by 
aspiration with a sterile hypodermic syringe, after 
thorough disinfection of the skin where the jieedle is 
to be inserted. Among the most#important of such 
exudations §re those into the pleural cavities. These 
may be either sero-fibrinous or purulent or haemor- 
rhagic. In nearly thre*e-fourths of the cases of 
empyema which have been examinee!, the organ- 
isms that have been found are either pneumococci, 
staphylococci, or streptococci, and in the case of 
adults the last constitute fully half of the &>tal. In 
children the pneumococcus preponderates. As re- 
gards prognosis, the presence of streptococci give^ ^ 
much the gravest outlook, and this agrees with the 
relatively favourable issue of the disease in children. 
There can be no doubt that a very large proportion 
of pleurisies and empyemata are due to tuberculous 
infection. When tubercle bacilli cannot be demon- 
strated microscopically in an exudate from a case in 
which strong clinical suspicion of tuberculosis exists, 
a specimen should be sent to a laboratory^ order 
that an inoculation experiment in a guineapig Shay 
be performed. In from three 1 to <four weeks, if 
tubercle bacilli be present, the animal shows signs 
of tuberculosis. 

5. Specimens from false membranes are best 
obtained by removing a small portion with a swab 
(p. 607). In cases of suspected diphtheria it often 
happens that so many organisms are present on the 
surface of the membrane that it is. almost impossible 
to identify the bacillus of diphtheria among the other 
bacteria which are associated with it. Under these 
conditions the piece of membrane should be washed 
in a small flask with a little boiled water. After 
being agitated in- this for a short time, the cocci. 
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mucus, and other adventitious elements which have 
adhered to the surface •become for the most part 
detached, and the specific organism can thereafter 
be obtained in a much # purer condition by thrusting 
a platinum needle into the membrane after its re- 
moval from § the flask, and inoculating several tubes 
successively without recharging. 

6. Cerebro-spinal fluid.— The technique of 
lumbar puncture has been described on p. 580. For 
^bacteriological examination the fluid must be caught 
{ in a sterile test tube. It ought to be centrifuged, and 

films staiiftd by Gram’s method, count erst aining for 
ten seconds \jith carbol-fuchsin 1-20. Pneumococci 
a#d the common pyogenic cocci if present will be 
stained violet, and the meningococcus pink. Films 
should ajso be gained for the tubercle bacillus, and 
the occurrence of influenzal meningitis must be kept 
in mind. Cultures ought to be made on ascitic agar 
and on blood-agar. It is of great importance to take 
into account the character of the cellular elements 
present. A preponderance of lymphocytes favours 
a diagnosis of tubercular meningitis. The pyogenic 
coccfj including the meningococcus, are usually 
associated with*an excess of polymorphs. In early 
or fulminating cases of epidemic cerebro-spinal 
meningitis the demonstration of the meningococcus 
* m&y be difficult or impossible. 

7. Faeces. — The fseces are always rich in micro- 
organisms ; it is therefore of great importance to lift 
only a very minute fragment for examination, whether 
on the slide or by cultures. 

A convenient outfit for collecting faeces is the following : 
A glass cylinder 2 x f in. is fitted with a cork, into the 
lower surface of which a slip of sheetdead £ in. broad is 
fitted — the whole being sterilized by steam. Por use the 
cork is removed, the lead well stirred in the stool, and thS 
cork replaced in the cylinder. 
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To isolate the different organisms a plate culture in a Petri* 
dish should be made on MacConkev’s neutral-red lactose agar.* 
A loopful of the fseces is snaken up with 10 c.c. of 
bouillon; one loopful of the product is transferred to the 
plate, and spread by means qf a sterile bent glass rod. The 
colonies of those organisms which caus^, fermentation of the 
lactose and thereby produce acid, e.g. B. coli, will be of a 
crimson or ros^red colour, whilst those which dornot produce 
acid in lactose media, e.g. typhosus, B. paratyphosus, the 
bacillus of Gartner, and B. dysenteries, will not alt«r the 
colour of the medium and can thus be easily picked out 
from the others. The further differentiation of non-lactose 
fermenters must be performed in a laboratory. 

8. Conjunctival sac. — Various conations of 
conjunctivitis have from time to time to be investi- 
gated for the occurrence of the Koch-We^ks bacillus, 
the xerosis bacillus (a member of the diphtheria? 
group), and the Morax bacillus. When operations 
on the eye are contemplated the p3%sence # of the 
pneumococcus must be excluded. The examina- 
tion may be conducted by the preparation of films 
and the inoculation of blood-agar or serum tubes 
directly from the conjunctival *8ac. . 

The following are the most important .bacteria 
from the point of view of clinical examination 

I. Bacilli 

1 . Bacillus tuberculosis. — It is rather small 
and slender (2 to & p in length, and 0*3 p in breadth). 
As seen ifi sputum it is not infrequently curved ; 
and often two bacilli are found lying end, bo* efid, 
making an obtuse angle with ond'^anofijihr. </ The 
istaining may be uniform, : or there 'ihay , he smijl 
clear spaces of an ovoid form which are disposed 
at intervals. It is acid- and alcohol-fast, and is best 
stained by the Ziehl-Neelsen method. Primary cul- 
tivation from sputum is difficult on account of 
the presence of other bacteria, but cultures may be 
* Joum. of Hygiene^ v. 333. 
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obtained from non-ulcerating lesions by using Dorset’s 
egg medium.* Tbe growth appears in five to four- 
teen days. In doubtful cases inoculation of a guinea- 
pig is tbe only satisfactory method of determining 
tbe presence of tlj£ tubercle bacillus with certainty. 
This applies to all exudates whose tuberculous 
nature is suspected. 

Few diagnostic purposes Chlraette’s ophthalmic 
tuberculin Veaction is often of great value. It is 
conducted in the following way : A solution is prepared by 
precipitating tuberculin with a&ohol and dissolving 5 mg. 
of the dried precipitate in ten drops of sterilized water. One 
drop of*lMs solution is placed at the inner canthus. In 
three to six hours the reaction takes place. The^ conjunctiva 
becomes congested and slightly cedematous, the lachrymal 
caruncle appears red 'and swollen, or in some cases covered 
with exudation with a trace of pus. The eye may smart 
slightly* or in a few cases become more sharply inflamed, and 
remain so for ffve or six days. ~ 

In rare cases the reaction may be delayed and may only 
occur after twenty-four or* forty-eight hours. 

Statistics appear to show that the reaction is fairly reli- 
able. It is found to be positive in about 95 per cent, of cases of 
obvious tuberculosis, in 81 per cent, of suspected cases, and 
in 8 per cent, of cases where there is no other evidence of the 
existence^of tubercle. When positive it does not prove that 
the tuberculous process is active at the time of applying the 
test, as the reaction may occur equally well where there is an 
old quiescent focus. In some cases of very acute tuberculosis 
the test gives a negative result. It should never he used when 
there is the slightest suspicion of local tuberculosis in the eye. 

Voii Pirfluet’s cutaneous tuberculin re- 
action is also used for diagnostic purposes. The skin 
over the deltoid region or the flexor aspect of the forearm is 
thoroughly washed, then well rubbed with ether and allowed 
to dry ; a small area is scarified with an ordinary vaccine 
scarifier to act as a control. At some little distance on each 
side a, drop of “ old ” tuberculin is placed on the skin, which is 
now similarly scarified through the fluid. The fluid is allowed 
to soak up into a small pledget of cotton- wool, which is removed 
at the end of ten minutes. Sometimes human tuberculin is 

* For Composition of this medium, see Muir aud Ritchie’s 
“ Manual of Bacteriology,” 5th edit., p. 267. 
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used for one spot and bovine for the other. In the case of»a 
positive reaction, some redness and swelling appear within a 
few hours, and on the following day there ought to be an 
inflammatory papule, sometimes vesiculated. Reaction goes 
on for about forty-eight hours. In a negative reaction there 
is no greater change in the areas t*eated with tuberculin than 
in the control area which has been me$elv scratched. 

Other Acid-last bacilli.— A consid#rable number 
of bacilli,* not usually regarded as pathogenic in man, share 
with the Bacillus tuberculosis the property of resisting the 
decolorizing action of acids and of alcohol. Bacteria of 
this group are described as “ acid-fast,” and since# they 
possess many of the other morphological characters of 
the true tubercle bacillus, and have been occasionally found 
in sputum from the lungs, in mucus from thf* inspiratory 
passages, and not very infrequently in urine containing 
pus, they may give rise to errors in diagifosis. So far as 
is known at present, the most characteristic difference 
is that, even at the most favourable temperature, tubercle 
bacilli grow much more slowly on culture media %tn do the 
other members of the “ acid-fast ” group, many of which, un- 
like the tubercle bacillus, can also flourish at the ordinary 
temperature of the laboratory. "As these bacteria are fairly 
numerous outside the body they may readily contaminate 
secretions which have been laid aside for examination ; and, 
besides this, there can be little doubt that they have often 
been mistaken for the tubercle bacillus in milk and other 
articles of diet. ^ 

2. Pfeiffer’s influenza bacillus is a minute 
rod (1-5 /i long by 0-3 p broad) with rounded extre- 
mities ; the ends stain more deeply than the centre. 
It is not coloured by Gram’s method, but can be 
demonstrated by a weak solution (1 in 10) of carbol- 
fuchsia applied for 5-10 minutes. It is found in 
the sputum and occasionally in the blood of patients 
suffering from influenza, in certain septicsemic con- 
ditions, in middle-ear disease, and occasionally as a 
cause of meningitis. Its culture is difficult, and 
blood agar mast be used for primary inoculation. 

cL Bacillus cliphtheriae (Edebs-Loffler). — This 
bacillus averages about 3 ^ in length, the long variety 
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Considerably more, and 0-6 or 0*7 p in breadth. The 
ends are rounded and rather stouter than the centre, 
and stain more deeply ; frequently there is unequal 
staining of the protoplasm. (Frontispiece, a 3 a\) 
In most instances the bacillus is very readily coloured 
by Gram's methoa. 

The prdbedure which should be adored in cases 
wher% a patient's throat is* to be examined for the 
bacillus of diphtheria is as follows : Set the patient 
in w good light. Depress the tongue with the handle 
of a spoon ; then take a swal>, pass it to the back of 
the mout^ without touching the lips, gums, or tongue, 
and press it gently against the suspected patch on 
the tonsil or # fauces r By rotating the swab a portion 
of the false membrane is entangled and brought away, 
and the specimen thus obtained is returned to the 
tube and tak^n to the laboratory. A cover-glass 
preparation may be made directly from it, but is 
likely to prt>ve unsatisfactory, as many different 
organisms are so abundantly present that it may be 
difficult to detect the Klebs-Loffier bacillus with 
certaintv. To start cultures, a platinum • needle, 
previously sterilized and allowed to cool, is charged 
from the false membrane, and two tubes are suc- 
cessively inocufated from the needle, which is drawn 
in a streak along the surface of each without re- 
charging. Often it is sufficient to stroke the medium 
with the swab directly. Frequently it is necessary to 
make a bacteriological examination of a throat which 
may present nene of the clinical characteristics of 
diphtheria. Here 1 the swab is stroked over both 
tonsils and also over the back of the pharynx. 
Cultures are made by, in turn, stroking the swab 
over the surface ,of one or more tubes of culture 
medium. By far the most satisfactory medium for 
demonstrating the diphtheria bacillus is coagulate*d 
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blood-serum or Loffier’s serum medium. Gelatin and 
glycerine agar are untrustworthy, and should never 
be employed for diagnostic cultures of the diphtheria 
bacillus. After inoculation the tubes are incubated 
at 37° C, If the Klebs-Loifiei^ bacillus is present, 
growth will often be manifest in eighteen, ^nd 
always- in twenty-four hours, by which time the 
colonies in the second tube will be as l&rge as 
pinheads. In colour they are dull white, and appear 
distinctly denser in r the centre when viewe# by 
transmitted light. The colonies are circular, and 
spread rather rapidly. In the first tube th# characters 
are not so well seen, because the colonies are so 
numerous that they rapidly fuse, and^ so lose „ their 
contours. Specimens obtained from the individual 
colonies should, when possible, be used for microscopic 
examination ; pure cultures can be started from some 
of them by re-inoculating fresh serum tubes. In 
routine examinations it is often sufficient to make a 
film from a smear from the most suspicious part of 
a culture. In old cultures, and sometimes also in 
the membrane obtained from cases of diphtheria, 
involution forms of the bacillus, usually club-shaped, 
are common. 9 

* In all cases, in addition to Gram's stain, that of 
Neisser should be applied to films both fropa the 
exudate and from cultures. The results obtained by 
direct examination of the exudate are by this method, 
however, less reliable, and a negative finding is of 
little value. The method is as follows : A cover-slip 
preparation is made, and stained for three or four 
seconds in this solution : — 

Methylene blue (Griibler) . r . 1 part. 

Alcohol (96 per cent.) . ... 20 parts. 

Distilled water . . . ^ . 950 „ 

Glacial acetic acid * , , f , 50 „ * 
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Tlte film. < is then rinsed in water, and counter- 
stained for three or four seconds in a filtered solution 
made by^ dissolving 1 part vesuvin in 500 parts of 
boiling distilled water. Sometimes longer exposures 
to both stains are advisable. If the organisms be true 
diphtheria bacilli, their bodies will be stained brown 
throughout t&eir whole length, but one or two; some- 
times tfcree, granules of a bright-blue colour, known 
as Babes-Ernst bodies, are also visible. Where there 
are ohly one or two granule^ .they occupy positions 
near the ends of the bacillus ; the third, when present, 
is situated* about the middle. The granules often 
appear to have a greater diameter than the rest of 
thg bacillus, and their shape is slightly oval. For 
practical purposes a positive reaction with Neisser’s 
stain may be tajpn as indicative of the propriety of 
treating the case as one of diphtheria. 

Occasionally, when the membrane is pec ulia rly 
rich in adventitious bacteria, it may be necessary to 
place it in a flask with some boiled water and to treat 
it in the manner described above, before procee din g 
to inoculate the tubes. * 

When information is sought regarding other 
bacteria which n^y also be present in the specimen, 
it is best to break up a small fragment in bouillon 
and inoculate various culture media (e.g. blood agar, 
glucose agar for anaerobic bacteria) with a drop of 
the fluid. 

In practice one finds that sometimes the membrane 
contains a preponderant proportion of Klebs-Loffler 
bacilli ; in many caseg, however, other bacteria occur 
in large numbers along with it, streptococci being 
frequently present, particularly in severe cases. In 
other instances pneumococci, staphylococci, or Micro- 
coccus catarrhali^ occur. 

In addition to the typical form of Klebs-Loffler 
2 N 
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bacillus there is a stunted form which is shorter and 
more irregular in outline One cannot, however, 
estimate with any certainty the toxicity of a specimen 
from its morphological characters, nor, on the other 
hand, is one justified in considering that the bacillus 
is not a t^ue diphtheria bacillus because it happens 
to be devoid of virulence, although the intensity of 
its toxin will obviously influence the clinicaUhistory 
of the case from which it is derived. It is not, there- 
fore, expedient to classify such non-virulent bacteria 
as “ pseudo-diphtheritic/ 5 since experience has shown 
that the virulence of diphtheria bacilli^ may vary 
exceedingly even when they have sprung from a 
common source. Investigation* of the virulence^ of 
a diphtheria bacillus can only be carried out in a 
laboratory. c r- 

The term “ pseudo-diphtheritic bacillus ” has also 
been applied to various bacteria whose morphology 
is almost identical with the true, especially the short 
form, but which, under the tests of staining, culture, 
and inoculation, are found to deviate more or less 
from %he latter. Used in this sense the tern is con- 
venient, if not strictly accurate. ^ 

There is good reason for believing that the re- 
crudescence of diphtheria in a community is fre- 
quently due to the diphtheria bacillus persisting in 
the throats of those who have recovered from the, 
disease. It is thus of the greatest importance that a 
convalescent should not be allowed to mix with 
healthy individuals until bacteriological examination 
shows the throat to be free„ from the organism. 
Besides the throat the other situations where the 
diphtheria bacilli occasionally find a settlement are 
the nose, the conjunctiva, and the vulva. 

4. Bacillus typhosus (Eberth). — This organism 
can be obtained from the spleen during the course 
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of the disease, from the blood, and from the abscesses 
which sometimes occur in« various parts of the body 
during typhoid fever. It is frequently present in 
the urine, and nearly always in the stools. It is 
motile, and by suitable methods flagella can be 
demonstrated* in cultures. The ends aref, rounded, 
the length 3 or 4 p, the breach about 1 p. It does 
not staift by Grin’s method, but is readily coloured 
by the ordinary aniline basic dyes. 

In arriving at an early diagnosis of typhoid fever 
Widal’s test takes a very prominent position. It 
is based $fP the fact that after a certain time has 
elapsed the blopd serum of a typhoid patient acquires 
a pswer of agglomerating typhoid bacilli into clumps 



Fig. 144.— Widal’s pipette. Actual size. 

— the phenomenon known as agglutination. It is 
conducted as follows : — 

Apparatus . — A small lancet-shaped needle to 
obtain bloQjd. This must be capable of ready ste- 
rilization. 

A sterile pipette (Fig. 144) to collect the blood 
and transmit it to° the laboratory. 

* A platinum needle ending in a loop 1 mm. in 
diameter. ' (This will lift about 2 mg. of fluid.) 

Several sterilized watch-glasses, slides, and cover- 
glasses.* 

A supply of sterile bouillon or peptone solution. 

A tube of bouillon containing a culture of typhoid 
bacillus no more than twenty-four hours old, or an 
emulsion of the bacilli made by adding a small por- 
tion of agar culture to bouillon. In the latter case 

An ordinary slide may be nsed if, care be taken not to press 
m the cover-slip unduly ; or a slide with a central depression 
illy be preferred, and a hanging-drop preparation employed. 
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the mass of bacilli on the platinum loop should Idg, 
broken down at the margin of a watch-glass and' 
gradually mixed with the contained bouillon. The 
emulsion should show a faint turbidity. The fluid 
containing the bacilli should always be examined 
microscopically to see that no spontaneous clumping 
is present. 

A dry lens capable of magnifying at legist 250 
diameters (preferably from 300 to 400 diameters) 
should be used. o 

Method . — (a) Carefully sterilize the patient’s 
finger, and obtain several, drops of blood^by a prick 
in the thin sldn near the root of the nail. The blood 
is drawn into the pipette, whichis then sealed off ^nd^ 
taken to the laboratory. 


F 0 r B A 



Fig. 145. — Wright’s pipette. One-half actual size. 

a, open end of capillary tube ; b, index ; o, mixing chamber’; i>, capillary 
tube connecting c and e; e, atr chamber; v, sealed end. 

(b) Sufficient time is allowed for thfl serum to- 
separate from the clot. The serum is best expelled 
by breaking off one end of the pipette and warming 
the bubble of air at the closed end. A sterilized 
watch-glass (labelled “serum”) is held close to the. 
open end to catch the expelled fluid. 

(i o } By means of a pipette* (Fig, 145) dilute 
1 measure (say 5 c.mm.) of the serum with 19; 

* Any simple form of pipette may be used. Wright’s is ' 
easily made from a piece of glass tubing in the following manner : ; 
One end of the tube is sealed, and at about in. from this end it $ 
is drawn out to form a capillary tube about 2 in. long and open at j 
its lower end. The thicker part of the tube is again heated at" 
about 1 in. from its sealed extremity and drawn out so that one 
finally has a pipette consisting of a couple of bulbs, the upper one 
sealed at one end, and at the other end communicating by a narrow 
tube with the lower, which in turn communicates with the outer 
air by the capillary tube. On warming the upper bulb the con- 
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measures (say 95 cm) of sterile bouillon or peptone 
solution, and expel this* into another watch-glass 
marked " 1 in 20.” 

(d) With the platinum needle take four loopfuls 
of the 1 -in-20 serum and deposit them separately 
on the slide or cover-glass. Then steriliz^the loop, 
and, when it has cooled, deposit six loopfuls* of the 
bouillon culture^ or emulsion* in the same manner. 
Mix the drops as quickly as possible, place the cover- 
slip on the slide, and seal thh edges with vaseline to 
prevent evaporation. This preparation should then 
be marked*" 1 in 50.” In cases of difficulty, dilu- 
tions of 1 in 30 (four loopfuls of the 1 -in-20 serum 
and two of bouillon culture or emulsion) and 1 in 100 
(two loopfuls of 1 -in-20 serum and eight of bouillon 
culture <w emulsion) should also be made, whilst a 
control experiment may be simultaneously performed. 
in the latter the blood of a healthy person should 
be substituted* for that of the suspected typhoid 
patient, and the test carried out exactly as described 
above. The slides should then be systematically 
examined with a magnification of about 300 tb 100 
diameters. If the serum be taken from a patient 
who is riot the subject of typhoid fever, the bacilli 

twined air is rarefied, and, as it again cools, the partial vacuum 
which is formed will suck up fluid into the lower bulb. Instead 
of careful graduation, a single mark is made by means of a speck 
of sealing-wax at a selected point of the capillary tube. Each 
time the fluid which is being aspirated reaches this mark the end 
of the tubeis raised for an instant to admit a tiny bubble of air. 
When this in turn reaves the mark the bulb is again raised, and 
the process repeated until the required number of measures have 
been drawn into the lower bulb. 

In performing Widal’s test extreme accuracy in the degree of 
dilution is not essential, and therefore ungraduated tubes, such as 
Wright’s, used with reasonable care, meet the requirements of 
the case. Those who for any special purpose desire a very exact 
dilution should employ the leucocyte pipette of a Thoma-Zeiss 
haemo cytometer, or Hawksley’s graduated pipette with a screw 
compressor. 
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preserve their motility unimpaired, and continne°t<\ 
do so for days if the specimen be suitably preserved, 
Moreover, they are diffused with tolerable uniformity 
through the fluid, and show^no distinct tendency to 
form clumps, * 

If, however, the serum be taken from a patient 
after the first week of an attack of typhoid fever, or 
even on the third or fourth day of the illness#, though 
in this case the phenomena will be less distinct, the 
following facts will be; observed : The motility of the' 
bacilli is almost at once impaired, and after the lapse! 
of a short time their movements wholly owe. They 
also tend to become agglomerated into clumps, which 
in a typical case will begin to form ""soon after J^heJ 
microscopical examination has been commenced, and 
by the end of half an hour or an hour Lordly any 
solitary bacilli will be found in the specimen. Even 
where the serum is weaker, as in a certain propor> 
tion of cases of typhoid, the same Changes eventu- 
ally supervene, but they occur much more slowly. 
As a rule, however, impaired motility and a tendency 
to fofm clumps are distinctly visible within half an 
hour, and there are but few cases in which the ob- 
servations need to be extended ove£,two hours. 

In conducting the above examination the following points 
must be attended to : (1) The slides, watch-glasses, and other 
pieces of apparatus must be scrupulously clean. , If they are 
not so, appearances of agglutination may occur even where the 
serum is taken from a man in good health. (2) As one is deal- 
ing with bacilli which are alive and yirulent, any piece of 
apparatus which has been used must at once be thoroughly 
disinfected by heat or by 1 -in-500 corrosive sublimate solution, 
and on no account laid aside before this has been done. (3) 
Never allow concentrated serum to come into contact with 
the bouillon culture even for an instant ; therefore dilute the 
serum before mixing it with the culture. Concentrated serum 
from a perfectly healthy person may induce clumping. (4) It 
is not necessary that the serum bo separated from the clot. 
The red blood-corpuscles do not interfere with the reaction. 
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Widal’s reaction may be obtained by employing 
dead cultures instead of a^fresh one in bouillon. The 
bacilli are lulled by beating the bouillon to 60° C. for 
one hour, or by adding one drop of formalin to every 
150 drops of bouillon. r This is'then kept for use in 
sealed glass tubes, and bas tbe advantage that it can be 
utilized wbefi tbe observer bas no facilities^ band for 
tbe cultivation of living bacteria. 

Tbe agglutination test can also be performed 
macroscopically ; tbe technique for this method is 
fully described in a valuable paper by Wright.* 

Tbe agglutination test may be appbed to numerous 
other bacteria, and will be referred to when they are 
described. Tbe technique in these other .cases is 
identical with that of Widal’s test for typhoid. 

It nged hardly be remarked that to examine a 
specimen of the stools directly under tbe microscope, 
with tbe view of detecting Ebertb’s bacillus, is useless. 

It is now Recognized that an important factor in 
tbe maintenance of typhoid fever in a community 
is tbe existence therein of “ typhoid carriers,” i.e. 
individuals who, either with or without ^having 
suffered from tbe disease, harbour the bacillus in the 
intestine or urinary tract. When the occurrence of 
such a case is suspected the urine and faeces must be 
• exa m ined by cultural methods every fortnight for 
several months. The site of the continued growth of 
the bacillus in such cases is frequently the gall-bladder, 
and gall-stones are often present. All gall-stones 
should be subjected to careful bacteriological examin- 
ation, and the typhoid bacillus should also be looked 
for in suppurative conditions about the gall-bladder. 

5. Bacillus coli is a flagellate bacillus which 
appears under a considerable variety of forms. It is 
important as the cause of some cases of cystitis^ 
* Brit . Med . Bourn 1898, i. 355. 
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pyelitis, and intra-abdominal suppuration. In some of 
its forms it resembles EbertFs bacillus, but can be dis- 
tinguished by the fact that it produces fermentation 
in lactose, in which process the medium becomes acid, 
as can be shown by the addition, of litmus, and gas 
bubbles ar^ formed. To isolate it from r other organ- 
* isms in cases of cystitis, cultures may advantageously 
be made on MacConkey f s medium. *^he B. cdi exhi- 
bits the agglutinative reaction with an appropriate 
serum,' but it has b«en found that serum which 
agglutinates one species of colon bacillus may fail to 
produce the reaction in another. ** * 

6. The paratyphoid bacilli.— This group 
comprises a number of organisms isolated, especially - 
from the fseces, in important pathological conditions. 
They include the paratyphoid bacilfns itself (in its 
two varieties, A and B), which occurs in the intestine 
and also frequently in the blood, in cases clinically 
resembling typhoid fever, but tending to pursue a 
milder course ; the Gartner bacillus and its allies, 
which are the cause of most of the cases of food 
poisoning (so-called “ ptomaine poisoning”), and 
which again is found in the intestine and also, it 
may be, in the blood ; the dysentery bacillus, which 
is associated with many cases of nqn-amcebic dys- 
entery occurring from time to time, more especially 
abroad, in an epidemic form. All the bacteria of 
this group closely resemble^ the typhoid bacillus, 
differing only in certain of the reactions on media 
containing sugars and in the serum reactions. These 
latter, however, can' only be„ worked out in a 
laboratory. 

The paratyphoid bacilli have come into great prominence 
during the conditions of war which at present prevail. , To a 
certain extent in consequence of the fact that antityphoid 
inoculation apparently affords little, if any, protection against 
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paratyphoid infections, the latter have on certain of the 
fronts been in a numerical preponderance over true typhoid. 
Sometimes the B variety, sometimes the A, has chiefly 
prevailed — seasonal factors, amongst others, being here at 
work — and sometimes varieties difficult to identify have been 
met with. The disease conditions can only be differentiated 
by systematic bacteriological examination of the stools and 
of the blood, and the ultimate diagnosis is "baled on serum 
reactions. Whether this wave oj paratyphoid infection will " 
continue when peace returns is a question for the future. 

7. Bacillus dyseutewse. — This organism is a, 
Gram-negative bacillus resembling in microscopic 
character* members of the coli-typhoid group. It is 
the causal agent in certain epidemics which both 
clinically and pathologically resemble outbreaks of 
tropical dysentery associated with the occurrence of 
amoebae^ in the intestine. These epidemics in their 
worst forms occur in- tropical and subtropical regions, 
and are spread partly by water and partly through 
contamination of food by flies. Milder epidemics, 
often classed as summer diarrhoea, also occur, and 
organisms of this type are responsible for outbreaks 
of dysentery in institutions, especially in Junatic 
asylums. Two main types of the bacillus are 
differentiated. o One, originally described by Shiga, 
in Japan, is responsible for the most serious type of 
• disease, and ft produces a toxin acting on the 
central nervous system. The other type, discovered 
by Hexner, produces milder effects and is not so 
toxic. The bacilli can be isolated from the faeces ; 
they are non-lSctose fermenters, and in cultural 
reactions resemble the typhoid bacillus, frpm which 
they can be differentiated by their reactions with 
the sera of cases of the disease. Their investigation 
can only be properly undertaken in a laboratory. 
In bacillary dysentery abscess of the liver does not 
occur as a complication 
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8. Bacillus eliolerse (Koch) is a curved, flagel- 
lated vibrio. It possesses, very marked motility. 
The organism is shorter but slightly thicker than 
the bacillus of tuberculosis. Involution forms are 
rather common. It is readily 1 Coloured by basic ani- 
line dyes, hut is not stained by-G-ram’s method. It 
• responds tcrthe agglutination test. (FkoiJtispiece, c.) 

The gelatin plate cultures, and the sorcalled 
cholera-red reaction in broth, or better in peptone 
solution,* are very characteristic, and should be 
practised in case of doubt. 

In examining the stools of a suspected ease, the 
organism will be found most abundantly present in 
the mucoid masses. A film should be made fron^oj^e 
of these, and, after staining with dilute carbol-fuchsin, 
examined with an oil immersion lens. * In casss where 
they are fairly numerous, and where their disposition 
is not too much interfered with by the simultaneous 
existence of other organisms, they will be seen to lie 
in rows, end to end, and all pointing in the same 
direction, like fish in a stream. 

Equally characteristic is the appearandb when a 
drop of the suspected stool is added to 2 c.c. of an 
alkaline soluti<®pf 1 part of sodium*chloride and 10 
parts of peptone in 100 parts of watsr. After eight, 
to twelve hours’ incubation at a temperature of 
37° C., an abundant growth of the cholera bacillus 

* The red reaction is due to a nitrosoindol body. Many bacteria 

E roduce indol in bouillon, but the bacillus of cholera produces 
oth indol and nitrites in twelve to twenty-four hours. The 
bacillus of Metehnikoff and the bacillus pf Finkler, both of which 
resemble morphologically the cholera organism, also give this 
reaction, but in a less marked degree and after a longer period of 
growth. The addition of an acid capable of acting on the nitrites, 
and so liberating nitrous acid, is all that is necessary to produce 
the red coloration ; and the best acid to use is pure sulphuric. 
The sulphuric acid must be absolutely free from nitrites, or the 
reaction may be obtained with other indol-producing bacteria. 
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will be found on the surface of the fluid, and from it 
plate cultures may be made. In cases of difficulty 
Pfeiffer’s reaction should be tried. For details of 
this reaction the reader must be referred to textbooks 
on bacteriology. „ r * 

9. Bacillus aathracis. — -This organism, pri- 
marily the cause of anthrax in cattle, may secondarily- 
infeekman, either by producing a local skin lesion, the 
“ malignant pustule,” or by giving rise to extremely 
fatal lesions in the respiratory tract, to which it gains 
access through the inhalation of infective material ; 
the former lesion occurs chiefly in butchers and workers 
in hides and hair, the latter in wool-sorters. The 
organism can usually be easily isolated by infecting 
agar tubes with material from the pustule or, in respi- 
ratory ^cases, jirom the sputum. It is a rather large 
bacillus, and "is recognized chiefly by characteristic 
appearances when growing on solid media. It is not 
usually founS in the blood of man except sometimes 
just before death. Its presence cannot be certainly 
recognized by mere microscopic observation. 

10. Bacillus pesfis. — This bacillus is the cause 
of jJlague. It commonly .gains access through a breach 
in the skin or jpucous membranes, and makes its way 
by the lymphatic system to the neighbouring glands. 
In them it leads to the formation of buboes, and if 
not arrested there, passes on into the blood-stream, 
inducing a septicsemic condition. It is most readily 
demonstrated in the pus which forms in the buboes, 
but, when septfeaemia has developed, bacilli can also 
be demonstrated ii^ the blood. The appearances pre- 
sented by the bacillus, alike in cultures and in material 
derived from patients, are very variable. Its most 
typical form is that of a small oval rod with rounded 
ends, devoid of motility. It often presents a charac- 
teristic bipolar staining owing to the central segment 
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remaining uncoloured, or only feebly tinted by the 
dye ; this is well brought o$t when methylene blue 
is employed, after preliminary treatment with dilute 
acetic acid. It is decolorized by Gram’s method. 

The trend of recent investigation points to 
plague being essentially an endemic disease of cer- 
tain rodents— e.g. the, rat (India), certain squirrels 
(America), and hares. Fr<?m time to time man becomes 
infected from these animals through the agency of 
Teas. Thus, when plagij.e*breaks out it is important 
to have a thorough investigation of the rodents of 
the locality, especially of animals found #l^td. In 
these the occurrence of swellings in the glands of the 
neck is suspicious, and such animals should be 
to a laboratory for complete examination. A variety 
of plague also occurs in which an intense and^apidly 
fatal haemorrhagic pneumonia is the characteristic 
lesion. This form is spread by the breath. 

11. B. tetani, a Gram-positive roti, frequently 
with terminal spore, found in the discharge from 
wounds of tetanus patients. Special laboratory 
methods must be employed for its cultivation. 

12. B. mallet, a slender Gram-negative bacillus 
occurring in the discharges in cases o£ glanders ; best 
stained by carbol-thionin blue. Though glanders is 
rare in man, the possibility of its occurrence should 
be kept in mind in cases of obscure granulomatous 
nodules about the exposed parts of the body and the 
inside of the nose, especially if these tend to assume 
fin acute character with pyrexia. f 

II. MicrococcI 

1. Staphylococci. — These occur in small masses 
and are readily stained by ordinary aniline dyes and 
by Gram’s method. The individual cocci measure 
about 1 p in diameter. The" chief varieties are S. 
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pyogenes aureus, S. pyogenes albus, and S. citreus. 
They constitute the chief causal agents in localized 
suppurations (boils, furunculosis, appendicular ab- 
scesses, etc.), and are sometimes the cause of 
generalized pyaemia or endocarditis. They can be 
easily isolated by Stroke cultures on a^ar. 

2. Streptococci.— This group contains a con- 
siderable number of pathogenic organisms. They 
occur in shorter or longer chains. 

(a) Streptococcus pyogenes. — Stains as the 
staphylococci. It produces severe suppurations with 
sometimes a great .tendency to indeterminate exten- 
sion, is a common agent in puerperal septicaemia 
anib ulcerative endocarditis, and causes many of the 
inflammatory conditions in the throat. It is also 
commcna in ostitis media, appendicular abscesses, 
osteomyelitis, etc. 

( b ) Streptococcus erysipelatosus is very closely 
related to t£e last, and certainly cannot be dis- 
tinguished by cover-glass preparations or by culture 
methods. The chains contain from five or ten to as 
many as* forty cocci. Many authorities regard it as 
onl;f a virulent form of S. pyogenes. 

(c) Streptococcus rheumaticus. — There is con- 
siderable evidence that the various manifestations 
of acute and subacute rheumatism are caused by a 
streptococcus indistinguishable from the S. pyogenes, 
its chief feature being absence of the capacity to 
produce suppuration. It has often been isolated 
from the fluid cff rheumatic joints. 

3. Pneumococcus (Diplococeus pneumonise, 
Erankel). — These diplococci are the cause of croupous 
pneumonia, of many* cases of empyema and peri- 
tonitis, either primary or secondary (especially in 
children), and also may give rise to meningitis (though 
they frequently occur also in normal saliva). They 
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are lancet-shaped, and the points of the lancets are 
directed away from each otjier. The diplococcus is 
enclosed within a capsule ; it stains readily, and is 
coloured by Gram’s ^nethod,^ which aids in dis- 
tinguishing it from Friedlander’s pneumobacillus, as 
the latter cannot be stained by it." "(Frontispiece, d.) 
nThe capsules should be stained by Hiss’s method 
(Appendix, 29) ; sometimes they appear as unstained 
haloes in Gram preparations. 

There is some reason* to believe that in pneu- 
monia the organism occurs in strains which manifest 
different degrees of virulence. These cai£ #nly be 
differentiated by serum reactions. Their recognition 
may be of importance in relation to the sesuna, 
treatment of the disease, as apparently each strain 
reacts chiefly, to the serum which it al$ne produces. 

4. Diplococcus intracellularis (Weichsel- 
baum). — This organism is found within the pus cells 
of many cases of epidemic cerebro-spinal meningitis, 
and may be recognized in the fluid removed by lumbar 
puncture during the life of the patient, especially after 
centrifuging. In cover-slip preparations tke diplo- 
coccus can be stained by several aniline dyes ; •the 
carbol-thionin-blue process yields satisfactory evi- 
dence of the presence of the organism, but films 
should always be stained by Gram’s method and 
counterstained with Ziehl-Neelsen 1-20. The organ- 
isms being decolorized by the Gram -stain are coloured 
with the fuchsin. They are arranged in pairs, the 
long axes of the individual cocci ljin'g parallel to 
each other; the diplococcus thu% presents a some- 
what striking likeness to the gonococcus. Cultures 
should be made, in doubtful cases, on blood or 
ascitic agar. During recent epidemics evidence has 
b$en obtained that at least two strains of the 
meningococcus exist, which can only be distinguished 
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by their agglutinating reactions with appropriate 
sera. The practical importance of this lies in the 
fact that the serum to be used for the treatment 
of a case should be capable .of agglutinating the 
organism present in the cerebro-spinal fluid. 

There is evidence that the meningococcus is 
sometimes present in the nasal discharge ’in eases of 
cerebro-spinal fever, and maf' be transferred through 
the air to the noses of contacts, who may thus 
become carriers of the disease. The detection of 
these by the examination of nasal swabs has there- 
fore beesi^widely practised, although the procedure 
rather loses in importance from the fact that during 
a# epidemic the organism may be present in the 
noses of other persons in the community who have 
only exhibited ^symptoms of nasal catar-rh. Where 
it is desired to 'investigate the possible presence of 
r'the organism in the nose, swabs should be taken by 
means of wifes having a bend suitable for intro- 
duction through the mouth into the naso-pharynx 
behind the palate. Arrangements must be made 
for culture media being at once inoculated with the 
swabS. Ordinarily it is useless to send 'such swabs 
to a laboratory, for media to be inoculated there, 
as the meningococcus rapidly'dies outside the human 
'body unless special precautions are taken. 

The investigation of nasal discharges for the 
meningococcus is further complicated by the occur- 
rence in the healthy nose or in cases of ordinary 
catarrh of organisms (M. catarrhalis, M. siccus) which 
closely resemble the .meningococcus. 

5. Organisms associated with respiratory 
catarrhs. — In catarrhal conditions of the naso- 
pharynx, trachea, and bronchi various organisms 
occur: M. catarrhalis, M, siccus, M. tetragenus (% 
Gram-positive coccus about 1*5 juin diameter, occur- 
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ring in groups of four), Staph, pyogenes, Str. pyo* 
genes. As these catarrhal conditions often yield to* 
vaccine treatment, the collection of material for the 
preparation of vaccines becomes important. In 
conditions in the naso-pharyni tl^e material may be 
collected with the bent swab wires mentioned above. 

* In bronchial catarrh it is usually sufficient to obtain, 
in a sterile bottle, a # specimen of the septum, 
preferably that coughed up in the Sarly morning. 
In any case the material should be sent to a 
laboratory as soon as possible after collection. 

6. Vincent’s angina. — Certain sever* syad often 
foul-smelling affections of the throat, somet«§4 
accompanied by cedematous inflammations 
purations in the neck, are caused By' a curious 
organism presenting itself in two ^forms, gamely, 
of a stout elongated fusiform bacillus and a large 
wavy spirillum. This organism can be readily 
recognized in Gram-stained films or T>y the use of 
the indian-ink method (p. 626). 

7. Gonococcus. — This is a diplococcus, the two 
cocci off which lie very close together. With high 
magnification they are seen to be kidney-shaped 
with their concave sides facing one gnother. Some- 
times the gonococci are found free ; at other times, 
and more characteristically, enclosed "in pus corpus- 
cles, in which they occur in groups. They are 
readily stained by aqueous solutions ,of basic aniline 
dyes. They are decolorized by Gram’s method. 
Films should be treated by Gram’s Method and then 
counterstained with vesuvin iBismarck brown) or 
weak carbol-fuchsin (1-30). Most other microbes 
which may be present then stain violet, the cellular 
elements are light brown or red, according to the 
counterstain used, and gonococci are of the same 
colour but darker. (Frontispiece, e .) 
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* To determine the identity of dhe gonococcus in 
doubtful cases the following criteria are available : — 

i. The occurrence in the pus cells of paired 

bean-shaped cocci. At least four pairs in a cell 
should be recognized* before" 1 venturing on a 
diagnosis. * * a 

ii. The typical cocci should be readily decolor- 
ized wh$n treated by Gram’s Snethod. 

Culture of the gonococcus is a matter of great 
difficulty unless the primary inoculations be made 
direct from the patient on to special media warmed to 
body temperature. 

The organism is the cause of an important group 
'of^oi&t affectfbns, and it can be isolated from the 
synovial exudate. It also occasionally gives rise to 
ulcerative endocarditis. * 

8. Micrococcus melitensis (Bruce) is a very 
^minute oval coccus about \ n in diameter, which can 
be isolated frora the spleen of cases of Mediterranean 
(or Malta) fever. In cover-slip preparations from 
cultures it is readily stained by basic aniline dyes, 
but it is decolorized by Gram’s method. The* cocci 
are fon»the most part arranged singly, but sometimes 
they form short chains. The Micrococcus melitensis 
exhibits the agglutinative reaction very distinctly, 
and it is by means of this that in doubtful cases the 
diagnosis ought to be made. The blood serum from 
the suspected patient should be mixed with a pure 
culture in exactly the same manner as has been de- 
tailed for typhoid* fever (p. 611). By this means it 
has been proved that some of the Indian and other 
tropical fevers are due to the same organism as 
Mediterranean fever. The disease is spread in nature 
by means of the milk of the goat. 

9. Sard n a ventriculi is described elsewhere, 
(p. 95). 
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III. Streptothricije 

Several members of thisehigher group of bacteria 
are pathogenic in man, and they can only be dis- 
tinguished from one ^another by cultural and other 
characters, the details of whicTi a Be beyond the scope 
of this textbook. The most important member of 
" the group is the Streptothrix actinomyces or ec ray 
fungus.” The commonest lesions produced in man are 
granulomata (tending to break down into abscesses) 
about the jaw, neck, lun c gs, and intestine (especially 
the appendix). The organism occurs in the form of 
minute granules, lying free in the pus or efther fluids, 
and easily visible to the naked eye. The granules are 
usually of a yellowish colour, but they may be ysfcfe, 
greenish, or almost black. ■ ' 

If one of the granules be broken ng, undenra cover- 
glass and examined, it is found to be made up of a 
felted mass of filaments which show trije dichotomous' 
branching. At the periphery of the mass the filaments 
are often arranged in a radiating manner, and elongated 
pear-shaped bodies which are formed by a swelling 
of the*sheath round the free extremity of*U filament 
may sometimes be seen. 

Film preparations made in the ordinary way may 
be stained with thionin blue or with carbol-fuchsin, 
but the filaments are best demonstrated when stained 
by Gram’s method. 

IY. Other Organisms 

1. Spiroclisete pallida. — Th§ organism is best 
demonstrated by the special ^technique of dark- 
ground illumination, but with an ordinary micro- 
scope it can often be recognized in the secretion from 
a chancre or condyloma, or in scrapings from the 
^organs in cases of congenital syphilis, by the use of 
tlie inc|ian-mk method. For this, a fine quality 
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emulsion of* indian ink is sterilized by steaming and 
allowed to settle ; the upper parts, diluted with an 
equal quantity of distilled water, are employed. A 
drop of the secretion is thoroughly mixed with an 
equal quantity of the ink on a glass slide, spread out 
into a film, allowed to dry and examined &rith the oil 
immersion lens wit hout the ^interposition of a cover- 
glass. ° The spjxochsetes show out white on a dark 
background. They are minute spiral organisms with 
six or eight curves, 4-14 fx long and about 0-2 fx broad. 

* 9 Wassermanrts Reaction 

. The diagnosis of syphilis in cases of difficulty has 
b«£«£»rendere<3 much* more accurate by the discovery, 
in 1906, of this test. It depends on the fact that 
syphilitic serun^in the presence of certain dip oid tissue 
materials leads to a special serum reaction. This re- 
, action can on£y be carried out by skilled observers 
in the laboratory*; but the following directions will 
enable the clinician to obtain the necessary sample. 

1. The blood is most easily obtained from one of the large 

veins at the* bend of the elbow. * 

2. Sterilize a needle of about 1*5 mm. external diameter 
and a syringe of 10 c.c. capacity by boiling, and rinse out in 
sterilized normal saline solution. 

3. Cleanse the*patient’s skin well with alcohol, avoiding 
the use of soap and strong antiseptics, which are apt to cause 
haemolysis, and otherwise affect the reaction. 

4. Withdraw 5 to 10 c.c. of blood. In doing so the needle 

should be inserted in the direction of the blood-stream in 
the vein. s 

5. Express the tflood at once into a sterilized centrifuge 
tube which has been rinsed out with sterile saline solution, 
being careful to avoid frothing, as this interferes with the 
separation of the clot ; and plug the tube with cotton-wool. 

6. After ten or fifteen minutes free the clot by passing a cold 
sterilized platinum needle between it and the walls of the tube. 

I * For full details consult Browning and Mackenzie’s “ Recent^ 
|[ethods in the Diagnosis and Treatment of Syphilis.” London, 
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7. Reinsert the ping of cotton- wool and send ii to the labo- 
ratory, avoiding, as far as possibly any shaking of the tube. 

In some cases of nerve disease, e.g. in locomotor 
.ataxia, the reaction may be carried out with spinal 
fluid as well as with bfood serufn. • 

2. Hydrophobia. — The chfef’ nlodejp. methods 
bf recognizing this disease in an animal are the search 
for Negri bodies in the Hippocampus ijLajor, a&d the 
inoculation of animals. These procedures can only 
be carried out in the laboratory. The important point 
for the practitioner to observe is that the head of the 
suspected dog should be cut off, wrapped cloth, 
and packed in ice and sawdust for transmission. 

3. Relapsing fever.— In relapsing fever «wod 
in the tick fevers of tropical countries a spirillum 
occurs in the blood which can be ^ecogn^ed by 
staining films with Leishman’s stain. 

Taking of Material for Preparation of 
Bacterial Vaccines 

While much of the modern treatment of local 
infections can be carried out . by means of stock 
vaccines obtainable in the market, it # is often 
necessary, when these fail, to use autogenous vac- 
cines, i.e. vaccines prepared from tile strain of the 
organism actually at work in the paAicular case to . 
be treated. * Material from the lesion must therefore 
be collected by the practitioner and sent to a labo- 
ratory in order that the vaccine may be prepared. 
In gross lesions, e.g. abscesses, bojjs, etc., the dis- 
charge should be collected in a sterile tube or pipette 
(a Widal pipette, p. 611, is suifkble for the purpose). 
Where the lesion is small, e.g. furunculosis, the" 
material may be collected with a diphtheria swab. 
Where the lesion is in the urinary tract a specimen 
preferably obtained with a sterile catheter ought to 
be collected in a sterile bottle. 
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Weights and Measures 

® & 

1. English weights and measures. 

grain, ^gr. 

1 ounce, oz. = 437*5 grains. 

1 pound, lb. =16 osipges = 7,000 grains. 

1 minim = 0*91146 grain. 

1 fluid drachm = 60 minims. 
l«f&id ounce = 8 fluid drachms. 

1 pint = 20 fluid ounces. 

1 g aUcm . 58 8 P ints * 

2 . Relation between English and metric 

systems. 

1 grain * =64*8 milligrammes (mg,). 

1 ounce = 28*3 grammes (grin.). 

1 lb. * — 453*6 grammes. 

1 gramme = 15*432 grains. 

1 kilo = 2 lb. 3 oz. 

1 minim = 0*059 cubic centimetres (c.c.). 

1 fluid drachm = 3*5 c.c. 

1 fluid ounce = 28*39 c.c. 

1 pint = 567*9 c.c. 

1 c.c. = 16*9 minims. 

1 litre = 35*2 fluid ounces. 

1 inch » 2*54 centimetres (cm.). 

1 foot = 30*48 cm. 

1 yard = 91*44 cm, 

1 cm. - 0*39 in. 

1 metre = 39*37 in. 

3. Conversion. 

To convert grammes per 100 c.c. into grains per ounce 
multiply by 4*375. n 

To convert grammes into ounces avoirdupois, multiply b\ 
10 and divide by 283. 

To convert litres into pints, multiply by 88 and divide 
by 50. 

To convert kilos into pounds, multiply by 1,000 and divide 
by 454. 


029 
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4. Centigrade and Fahrenheit scales. 

To convert Fahrenheit into Centigrade, subtract Al, 
multiply the remainder by 5, and divide the result by 9. 
To convert Centigrade into Fahrenheit, multiply by 9, 

divide by 5, and add 3£. c . , 

The following table and figure shqjvThe relation of degrees 
Fahrenheit to Centigrade, as far as is likely toj^e required in 
'clinical work : — 


Centigrade. 

Fahrenheit. 

Centigrade. 

Fahrenheit^ 


3.10°, 

. 230° 

37° 

98-6° 


100 

.. 212 

36-S 

97*7 

107 

95 

.. 203 

36 

96-8 


90 

85 

80 

.. 194 

.. 185 

.. 176 

35*5 

35 

34 

95-9 

95-0 • 
93-2 

106 

«l 

105 

75 

.. 167 

33 

91*4 • 

104 

70 

.. 158 

32 

§9*6 

65 

. ; 149 

31 / 

87-8 

103 

60 

.. *140 

30 

86 n 


55 

.. 131 

25 

77 

102 

50 

.. 122 

20 

68 


45 

.. 113 

15 

59 • 

101 

44 

.. 111-2 

10 

50 


43 

. . 109-4 

+ 5 

41 

100 

42 

.. 107-6 

0 

32 


41 - 

. . 105-8 

- 5 

23 

89 

40-5 

. . 104-9 

-10 

14 


40 

■ . . 104*0 

-15 

+5 

98 

39*5 

. . 103-1 

-20 

-4 • 

87 

39 

.. 102*2 

0*54° 

To • 

38-5 

.. 101*3 

1 

1-8 

90 

38 

. . 100-4 

2 

3*6 


37*5 

. . 99*5 

2-5 , 

. t 4-5 

95 


Fig. 146. 
Fahrenheit and 
Centigrade scales 


Solutions required eor ExainUnation of Gastric 
Contents 

5. PtUoroglucin and vanillin solution. 

Dissolve 2 grm. of pbloroglucin and 1 grm. of vanillin in 
SO c.c. of absolute alcohol. Keep th$ solution in the dark, 
and use it economically. 
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© 

6. Boas’s resorcin reagent. 

Resorcin .. ». .. 75 gr.' 

White sugar . . . , . . 45 gr. 

Dilute spirit . . . . . . 3J oz. 

dissolve. ^ •» 

7. Uflfelinami’s reagent. f"’ 

Carbolic acid (1 in 20) . . . . 1$* c.c. 

Distilled water . . . . . . 20 c.c.' 

® * Mx. 

Add one or two drops of liq. f erri perclilor. An amethyst 
blue solution results. It should 1 bo prepared fresh each time, 
as it does not keep. Lactic acid turns it yellow. Hydro- 
chloric acid^ simply discharges the blue colour. Acetic and 
combined hydrochloric acid turn it somewhat brownish. 

8. Congo-rc^t test papers. 

^r£ese are made by* soaking bibulous paper in a solution 
of Congo red, of the strength of 1 decigramme to 100 c.c. 
of water 0 or in a saturated alcoholic solution. They are 
allowed to dry, and are then ready for use. 

Solution®* required for Urinary Testing 

9. Standard nitrate ot silver solution. 

Dissolve 29*063 grm. of pure fused silver nitrate in dis- 
tilled water, and fill up to 1 litre. Keep in the dark. 

10. Standard uranium solution. * 

Dissolve 3*5 grm. of uranium nitrate in 90 c.c. of water to 

which has been added 2-5 c.c. of glacial acetic acid ; then fill 
up to 100 c.c. l°c.c. = 5 mg P a 0 6 . 

. 11. Acetic solution ot sodium acetate. 

Dissolve 100 grm. of crystals of sodium acetate in some 
water ; add 100 c.c. of strong acetic acid, and dilute with 
water to 1 litre. 

12. Hypotoromite solution. 

Dissolve 100 g$n. of caustic soda in 250 c.c. of water. 
Cool, then add 25 c.c. of bromine. The solution is apt to 
undergo the following decomposition ; — 

3NaBrO = 2NaBr + NaBr0 3 . 

It is therefore better to prepare it as required by adding 
2*5 c.c. of bromine to 25 c.c. of the caustic soda solution. 

The bromine is supplied in small tubes, which readily break 
when shaken up smartly with the soda solution in a stoxft 
stoppered bottle. 
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^13. JEsbacU’s reagent. 

Dissolve 10 grm. of picric a^id and 20 grm. of citric acid 
in about 900 c.c. of boiling water; cool, and add water to 
1 litre. 

/H. Feliling’s solution. f •' 

(a) Tak%34*64 grm. of pure sulph&te'of copper which has 
f been powdered and pressed between bibulous paper, dissolve 

in 200 c.c. of warm distilled water, cool, and fill up to 500 c.c. 

(b) Dissolve 180 grm. of crystallized Ro«helle salt m 300 c.c. 
of hot water, filter, and add TO grm. of pure caustic soda, 
or 100 grm. of potash ; «cdbl, fill up to 500 c.c. 

When required, mix equal volumes of (a) and (6). The 
result is an alkaline solution of potassic cuprj^ tartrate, of I 
which 1 c.c. is exactly reduced by 5 mg. of pur$ glucose. 

14a. Nylander’s (or Bottgerte) reafgent. 

Dissolve 10 grm. of caustic soda in 100 c.c. of water, 
warm, and ajld 4 grm. of sodio-potassium tartrate and 2 grm. 
of bismuth subnitrate. Shake thoroughly, if” hydrated 
oxide of bismuth is formed which is kept in solution by the 
tartrate. The solution should be filtered and kept in ty 
tightly stoppered bottle in the dark. 

15. Pavy’s solution. 

Cupric sulphate . . . . 4*158 grm. (36J gr.). 

r Rochelle salt .. .. 20*4 grm. ($78 gr.). 

Caustic potash .. .. 20*4 grm. ,(178 gs.). 

Strong ammonia .. 300 c.c. (6 oz.). 

(Specific gravity 0*880) 

Water to . . . . 1 litrt (1 pt.). 

Dissolve the Rochelle salt and pot&sh in part of the water, 
and the sulphate of copper in another (with the aid of 
heat), pour the copper solution "into that of the alkali and 
Rochelle salt, cool, add the ammonia, then fill up to 1 litre 
or 1 pt. # 

Keeps indefinitely. 10 c.c. = 5 mg.*glucose. 

16. Peptone solution testing for bile 

acids. 

Powdered peptone (Savory & Moore’s) J dr. 

Salicylic aciil . . . . . . . . 4 gr. 

Acetic acid . . . . . . . . | dr. 

Distilled water to 8 oz. 

Filter repeatedly until transparent. 
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17* Solutions for use with the purinometer* 

No. 1 

Magnesia mixture* . . . . 100 c.'c. 

Ammonia solution (20%) .. JL00 c.c. 

Pure talc (finely ground^ . . 10 grin. 

© No. 2 ’ 

Silver nitrat# . . . . . . 1 grin. 

Stfbng ammonia . . . . . . 100 c.c. 

Pure talc (finely ground) . . 5 grin. 

Distilled water . . . . . . 100 c.c. 


Solutions required jn 0 the Examination of 
Blood 

18. Doming fluid for haemocytometer. 

Sulphate of soda 104 gr. 

Acefcic acid 1 dr. 

Distilled w£ter v 6 oz. 

19. Diluting fluid for U as in o cytometer (liy 

Strong’s method). * 

Sodium chloride . , . . . . 0*95 grm. 

Sodium citrate 0*85 grm. 

Commercial formalin .. .. \ c.c. 

Distilled water 100 c.c. 

20. Toisson’s solution has the following formula 

Methyl violet, 5B . . . . 0*025 grm. 

^3od. chlor 1*000 grjn. 

Sod. sulph . . 8*000 grm. 

Neut. glycerin 30*000 grm. 

Aq. destill. 160*000 grm. 

Should be filtered just before use. 

21. Hayem’s solution. 

Common salt 1 grm. 

Sulphate of soda 5 grm. 

Corrosive sublimate . . . . 0*5 grm. 

Distillec^ water . . . . . . 200 c.c. 

22. Teichmahn’s test for Wood (haemin test)* 
Take up in a pipette some of the deposit to be examined. 

Bub it up with a small amount of common salt, and evaporate 
a little of the mixture to dryness on a slide. Moisten the 


* Magnesia mixture consists of : — 

Magnes. chloride (crystals) . . . . 100 grm. 

Ammon, chloride . . . . . . 110 grm. 

Ammonia 250 grm. 

Water to . . 1,000 c.c. 
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residue with glacial acetic acid, and put OH *a cover-glass, 
Gently heat this over a very sn^ll flame for several minutes, 
avoiding boiling. Let a little glacial acetic acid run in from 
the side of the cover-glass from time to time during^the process. 
Allow to coolp an d examine for hfemin crystals with a high 
power (Fig. 147). 



Some Staining Methods 

23. Gram’s method. * 

The following solutions are required : — 

(1) A solution of gentian violet in anjiine water. 

Prepare a saturated alcoholic solution of gentian violet 

and filter it. - To 9 parts of aniline oil water (see 28) add 
1 part of the gentian violet, and lifter the mixture. The 
two solutions should only be mixed shortly before, use ; after 
twenty-four hours the stain becomes less trustworthy. 

(2) A solution of 1 grm. of iodine and 2 grin, of iodide of 
potash in 300 c.c. of distilled water. 

* Float the cover-slip, face' downwards, in a capsule con- 
taining- some of the stain. In the cold the film is usually 
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stained in five minutes ; if the fluid is heated till steam rises, 
in about one minute. Without washing, place the cover-slip 
for half a minute to a minUte in solution 2. Here the film 
becomes ^black. It is then washed i n alcohol or methylated 
s pirit until it ceases to lose colour and becomes a pale grey. , 
Wash in water. Drys between filter-papers, mount in xylol 
balsam. It is usual 1 tb counterstain the preparation for a 
few seconds ^With weak Ziehl-Neelsen (1 part^to 20 of dis% 
tilled water). ^ 

Th<? following modification of Gram’s method will be 
found simpler and more efScient : For aniline oil water sub- 
stitute a 1 -in-20 aqueous solution^ of phenol in the same pro- 
portions, and carry out the staining as detailed above. After 
treatment gith the iodine solution, and washing with alcohol, 
transfer to clove oil, which increases the sharpness of the 
differentiation; wash out the clove oil with alcohol, then 
tjjg^sfer to wefter, employ a contrast stain if desired, wash 
again in water, dry, and mount in xylol balsam. 

Some bacteria retain this stain, especially those of tuber- 
culosis, ^prosy, ©diphtheria, tetanus, and anthrax amongst 
bacilli, and streptococci, staphylococci, Micrococcus tetra- 
genus, and Diplococcus pneumoniae (Frankel) amongst cocci ; 
but many are decolorized by the process, and are thereby dis-' 
tinguished from those already mentioned, the most important 
being those of plague, cholera, influenza, glanders, typhoid, 
the Bacillus coh communis, the Diplococcus intraeellularis, 
the gonococcus, and the Micrococcus melitensis. * 


1 24. ifciehl-Neelseii stain for tubercle bacilli* 


A. Basic fuchfiin . . 1 part ) 

Absolute alcohol, 10 parts J 


dissolve. 


Add of 5 per cent, aqueous solution of phenol, 100 parts. 

B. Twenty per cent, sulphuric acid. 

0. Watery solution of methylene blue. The solution 
should be nearly saturated. The addition of a trace of 
ammonia increase^ the precision of the staining. 


Method , — Place preparations in A and heat till a. burst 
of bubbles of steam takes place, rinse in water, immerse in 
B till decolorized, wash thoroughly in water, counterstain if 
desired in 0 for one minute or more, wash rapidly in water, 
dry, and mount in xylol balsam for permanent preparations , 
or in ^arrant’s medium if not to be preserved. Sections 
require care and must not be dried ; clove oil should not d»e 
used for clearing purposes, as it may decolorize the bacteria. 
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25. Lo flier’s stain. (This should be freshly prepared^ 

Concentrated alcoholic solution of ^ 

methylene blue r .. ..1 c.c. 

Caustic potash in 0*1 per cent. 

aqueous solution . . . . 3 c.c. 

Specimens afe stained In five to r thii#y minutes. Excess of 
stain is discharged by rapid washing «dn water acidulated 
with acetitf acid (2 drops of acid in a r small bowl of 
water), and all traces of acjd well washed out. The specimen 
is then dried and mounted, e r 

26. Carbol-thionin bluet (Prepared freshly.) 

Saturated solution Of thionin blue 

in 50 per cent, alcohol . . 10 c.c. 

1 -in-40 solution of phenol in water KX^c^c. 

This stain is one of the best for film preparations. After 
staining* which is rapidly effected, wash the specimen in 
water, then dry and mount. Sections should, after ww^»ng,-< 
be passed through alcohol containing a trace of ammonia, 
thereafter dehydrated by abso’ute alcohol, cleared with xylol, 
and mounted in balsam. 

27. Carbol-fuchsin. 

Euchsin . .#> 1 part. 

Absolute alcohol . . . . . . 10 parts. 

Add of 5 per cent, aqueous solution of phenol, 100 parts. 
This stain is one of the best for film preparations, and is 
more permanent than carbol-thionin. r 

Stain for one minute. Wash in water. Decolorize very 
slightly with alcohol. Wash again in water. Dry and r mount. 

28. Aniline water is made by shaking up 1 part of 
colourless aniline oil with 3 parts of distill^. water in a bottle 
of dark glass. The excess of oil sinks to the bottom, and the 
supernatant aniline water is decanted and filtered through a 
filter-paper previously moistened with distilled water, when 
it is ready for use. Both the aniline oil and the aniline water 
must be kept in bottles of dark glass.* r 

29. Hiss’s method of capsule staining.— This is 
very useful for the demonstration o£*pneumococci in the sputum 
or in pneumococcal exudates. The slain consists of 1 part of 
a saturated alcoholic solution of fuchsin and 19 parts of dis- 
tilled water. A film of tbe material to be examined, having 

* It is now usual to substitute a l-in-20 aqueous solution of 
phenol for aniline water. It is more readily prepared, keeps 
better, and its mordant action is quite as efficient. 



STAINS 63T 


^been dried anddixed, has a few drops of the stain placed upon 
it, and is heated for a few seconds until steam rises. The stain 
is then washed off with a 2a)-per«cent. solution of copper 
sulphate ; without being washed in water, the preparation is 
dried between filter-papers and mounted in balsam. 

* ^ % 

30. Elp*lich’s trja£f£ stain* 

Prepare saturated watery solutions of chemically pure and 
crystalline orange- G, acid fuchsin, and methyl green. Then 
make th® followirig mixture : — ° 


Orange-G solution » . . . . 13-14: c.e. 

Acid fuchsin solution ^ . . 6-7 c.c. 

Distilled water . . . . . . 15 c.c. 

Alcohol 15 c.c. 

IVffemyl green solution .. .. 12-5 c.c. 

Alcohol 10 c.c. 

Glycerfhe . . „ 10 c.c. 


The fluids must be measured out in the above order, in the 
same glas% and from the addition of the methyl green onwards 
the mixture is thoroughly shaken. The solution can be used 
at once and keeps indefinitely. 

Blood films ^ain in it in one to five minutes, depending 
upon the particular blood under examination and the mode 
of its fixation. The exact time required can therefore only be 
found out by experiment. 


31. Tlie Pomanowsky stains. 

Th$se stains depend for their action on the compounds 
formed by the interaction of methylene blue and eosin, as 
originally introduced by Romanowsky. They are used for 
staining blood films, the cells in pathological fluids, films 
or tissues containing bacteria, and material containing proto- 
zoal parasites, e.g. malaria. 

The chief combinations in use are those of Leishman, 
Jenner, Giemsa, and J. H. Wright. “Soloids” for the pre- 
paration of thes^ stains can be had from Burroughs 
Wellcome & Co., through any dealer. 

Leishman’ s preparation is perhaps that most used, and is 
prepared by dissolving 2>n'e “soloid” in 10 c.c. of pure methyl 
alcohol. It is of ' great importance that the methyl alcohol 
should be “ acetone-free.” 

The instructions sent with the various soloids should be 
strictly followed, and the bottle in' which the stain is stored 
must be well stoppered. If the preparation be too blue, this 
may be corrected by careful washing with acetic acid 1 in 
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1)600; if the eosin tint be too strong, it call brightened by^ 
the use of l-in-7,000 solution of caustic soda. The applica-' 
tion of the stain is described in €!hap. V. (p. 238). 

With this stain the red blood-corpuscles are coloured 
pink, the nuclei of leucocytes a reddish purple, and any acido- 
phil or basojlhil granule pink aild bjpe respectively. . The 
nuclear substance of the malarial parasite is stained a reddish 
purple. In trypanosomes the two nuclei have a purplish stain, 
*the protoplasm is blue, and the edge of the undulatory mem- 
brane is stained pink. r 

32. Tan Ermengem reconftnends the following solu- 
tion for cleaning slides an4 ^over-glasses : — 

Concentrated sulphuric acid , . 6 parts. 

Potassium bichromate .. .. 6 pp-rt^. 

Water 100 parts. 

Leave the glasses in the above solution for twelve hours ; 
wash in water until all trace of bichromate is g<$ne ; tkenwfiter 
preserve in absolute alcohol. 
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Abdomem 6, 54 

anat&my of, ^ 

auscultation of, 64 - 

- — examination of, gfeneral, 
57 

in children, auscultation 

of, 569 

pSiJ^tion of, 569 

percussion of, 569 

inspection of, 57 

— fr-j^A asuremeiSt of, 64,, 

— -movements of, 58 

palpation of, 60 

percussion of, 63 

peristaltic we^zes in, 59 

pigmentation of, 60 

pulsation in, 58, 123 

) signs of diseases of, 21 

- — surface of, to 

tumours of, 61 

viscera of, 66 

Abdominal reflex, 504 

regions, contents of, 56 

Abductor paralysis, 550 
Acarus scabiei, 403 
AccomiSodation of pupil, 465 
Acetic acid in stomach cbn- 
c " tents, test ftfr, 88 

solution of sodium ace- 

» tate, 631 * 

Aceto-acetic acid in urine, 372 
Acetone in urine, 372 
— - presence of, in acidosis, 
etc., 373 

Achorion Schonleinii, ' 409 
Acid, acetic. 88 a 
bile, 369, 632 2 

• butyric, 88 

carbolic, >317, 375 

glycuronic, 373 

• nippuric, 340, 381 

- — - hydrochloric, 87 
lactic, 88 

oxalic, 328 

picric, tests, 345, 357 

— — sulphuric, 327 
— urates. 321 


^cid, uric, 321, 335 

deposits, 379 

quantitative estima- 
tion of, 336 

".—-3 tests for, 336 

Acidity of gastric contents, 87 
total, in urine, estima- 
tion of, 322 

Acidosis and cardiac asthma, 
215 

and dyspnoea, 38 

conditions leading to, 

rise of ammonia nitro- 
gen excretion in, 335 

presence acetone in, 

373 

Acids, organic, in test break- 
fast, 87 

tests for (see Tests) 

Actinomyces, 626 

in pus. 584 

in sputum, 307 

Adamson’s method of differen- 
tial staining in ringworm, 
408 

Addison’s disease, 399 
Addiictor jerk, 507 

paralysis, 550 

Adenoids, 51, 572 
Adiadokokinesia, 486 
Adventitious sounds, 290 
iEgophony, 289 
Age, apex beat .and, 119 

heart sounds and, 160 

Agglutination, 611 
Air-passages, obstruction of, 
37 

Alar chest, 255 

Albumin, serum (see Serum 
albumin) 

in urine, 319 

estimation of, 345 

in children, 576 

tests for, 342 

Albuminimeter, 345 
Albuminuric retinitjs, 541 * 
Albumoses, 90 
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Alcohol as a fixative, 234, 237 

use of, 4 

Algesimeter, 495 
Algometer, Cattell’s, 495 
Alimentary system, 6; 13, 47 

in children, 573 

A Alkaline tide# 322 * 

Alkalinity of blood, 246 
Alkaptonuria, if 5 
Ailocheiria,. 49^ 
Allorrhythxriia, 182 
Amaurosis, 443 r 

Amblyopia, 443 
- — central, 447 
Amimia, 440 
Ammonia in urine, 334 
— — urate of, deposit in 
urine, 386 

Ammonium magnesium in 

urine, 385 

Amnesia, articulative, 437 

verbalis, 437 

Amniotic fluid, 587 
Amoebae of dysentery, 111 

in pus# of abscesses, 

585 

Amphoric resonance, 280 

of voice, 289 

respiration, 286 

Anaemia, blood in, 240, 241 

haemic murmurs in, 175 

pernicious, blood in, 240 

polychromatophilia in, 240 

Anaesthesia, 494 


Analgesia, 495 
Anarthria, 435 

Aneurysm of aorta, intra- 
thoracie, 215 

dullness on percus- 
sion in, 142, 144 

* murmurs in, 177 

pulsation from, 121, 

122 

site of pulsations in, 

121 

of innominate, 122 

Angulus Ludovici, 114, 253 
Aniline water. 636 
Ankle clonus, 508 
jerk, 507 

Ankylosfomum duo den ale, 105 
Anode, 521 
Anosmia, 441 

Anterior fontanelle, closing 
of, 567 

- rhinoscopy, 552 

Antnrax, 619 
Anthropometry, 23 


Antiformin, 598a 
Antipyrin in urine, 375 
Aorta, 55, 157 

dilatation of, 129 

incompetence of, 199, 211 

( see also Aneurysm) 

Aortic area, 158 

^H^nmrs, 169 

stenosis, 199, 211 

valve, 156 

Apex beat, 117 

doubling- ofrl20 

-- extent of, 120, 126 

_J2 force of, 118, 126 

impalpable, 127 

in children, 119, 573 

position of, 118, 126 

Aphasia, 435 

visual, 439 

Apraxia, 440 
Arcus senilis, <527 
ArgylMtobertson pupil, 
Argyria, 399 

Arm, motor points in, 513, 514 

nerve supply o> 422, 426 

paralysis of, 481 

Arterial atheroma, 201 
Arteries, carotid, 121, 130, 427 

cerebralr427 1 

lenticulo-optic, 431 

lenticulo-striate, 431 

murmurs in, 177 

of brain, 423 

of spinal corcl, s 431 

pulse in atheroma of, 201 

renal, 57 

vertebral, 423 

Artery, ba^.lar, 427 

innominate, 157 

pulmonary, 157 

(see also Aorta and' 1 

Aortic) 

Arthropathies, 510 
Articulation, power of, 437 
Ascaris lumbricoides, 105 

mystax, 105 

Ascher’s r^rimeter, 446 
Ascites, 65 

Aspergillus •fumigatus in spu- 
'tum, 307 

in auditory meatus, 543 

Astereognosis, 498 
Asthma, cardiac, 215 

signs of, 298 

Astigmatism, 529, 533 
Ataxia, 484' 

gait in, 562 

^theroma, pulse in, 201 
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i%ihetosis, 492 
fA.tria of heart, °113 
Atrophy, muscular, 511 

optic, 540 

Attitude, 19 

— — in abdominal disease, 21 

in acute rheumatism, £2 

in advanced visceral dis- 
ease, 21 e ^ r 

in calculus) renal, 22 

— — in colic, 22 

renal, 22 

in dysmenorrfecea, 22 

in exhaustion, 19 r 

in lung disease, 20 

— — in nervous diseases, 22 

in pleurisy, 20 

Audition, 473 
Auditory mpe&us, 542 

in children, 577 

•»- — nerve, 472 

A HT»a *> 

Auricles of heart, 113 
Auricular fibrillation, 213 
- — flutter, 214 
Auriecope, 1544 # 

Auscultation in children, 569, 
573 

, of abdomen, 64 

of chest, 281 * 

of children, 569, 573 

of heart, 151 

of oesophagus, 54 

— — of stomach, 71 

over spleen, 79 

* (see also “Extra-auscul- 

tation ”) 

Axilla, temperature of, 42 


Babinski’s signs, *482 (foot- 
note), 486; 501 
Baby speech, 434 / 

Bacilli, acid-fast, 604, 606 
- — ' paratyphoid, 616 
— r— pseudo-diphtheritic, 610 
Bacillus anthracis, 619 

cholerae, 618 

coli, 615 

— - diphtherise, 606 

dy senterise, 617 

- — Gartner’s, 604 
- — influenzae, 606 
* — - mallei, 620 
: - — pestis, 619 
r — Pfeiffer’s, 606 

tetani, 620 

1 tuberculosis, 


Bacillus typhosus, 610 
Back, motor points of, 520 
Bacterial vaccines, material 
for preparation 'of, 628 
Bacteriology, clinical, tech- 
' nique of, 590 

special methods 

bf, 597 

Bacteruria, 601 (footnote) 
Balfour’s theory of heemic 
murmurs, 176 v 
Barrel-shaped chest, 258 
Basophils, 239 

Bath, hot, examination of 
patient in, 63 (footnote) 
‘Book's centrifuge, 379 
Bell’s paralysis, 471 
Bence-Jones proteose, 347 
Benzidin test, 101 
Bial’s reagent, 367 
Biceps jerk, 508 
Bigeminal pulse, 181, 204 
Bilateral hollowing of chest, 
258 

Bile acids, peptone solution 
for, <632 

tests for, 369, 632 

— i — pigment, tests for, 368 
Bilharzia haematobium in 
urine, 395, 396 

Bismarck-brown solution, 592 
Bleb, 400 
Blepharitis, 525 
Blindness, 443 

(see also Colour-blindness 

and Mind-blirianess) 
Blood, alkalinity of, 246 
bacteriological examina- 
tion of, 599 

carbpnic oxide in, 245 

cells (see Blood corpuscles) 

coagulability of, 246 

corpuscles, red, enumera- 
tion of, 216 

in disease, 240 

in urine, 387 

normal number 

of, 220 

white, enumeration 

. of, 222 

— in children, 574 

— : in urine, 387 

normal number 

of, 224 

, varieties of, 239 

diseases of, 8 , 

elements in pathological 

fluids, 583 
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Blood, examination of, 216, 599 

microscopical, 231 

isolations for, 633 

films, making of, 234 

staining” of, 237 

fresh, microscopical ex- 

aminatfln of, 231 

in children, 574 

in sputum, 301 

in urine, ^349 

* in voSnit, tests for, 93 

parasites in, 233, 241 r 

pressure, maximum, de- 
termination of, 184 

minimum, determi-*, 

nation of, 185 * 

solutions for examina- 
tion of, 633 

• specific gravity of,^ 246 

stained, microscopical ex- 
amination of, 234 

• ( see also Haemoglobin) 

Boas’s resorcin reagent, 87, 631 
Bock - Oertel’s stetbophono- 
meter, 152 (footnote) 

Body, develop&ent of, 23 

proportions of, 23 

Boils, 36 

Bones, diseases of, 11 

* examination of, 556 

in children, examination 

of, 568 

in nervous affections, 510 

Boston’s method of preserving 
tube coasts, 394 
Bothriocephalus latus, 110 
Bottger’s reagent, 632 
Boxy sound, 279 
Brachycephalic skull, 559 
Brain, blood-vessels of, 423 

cortex of, and reception 

of sensation, 420 

functions of, 432 

motor area of, 411 

sensory impulses and, 418 

Brandberg’s method, 341 
Breakfast (see Test breakfast) 
Breast, 276 

pigeon, 256 

Breath, character of, 51 
Breathing (see Respiration) 
Bright's disease, optic neu- 
ritis in, 540 

— retinitis in, 541 

Broadbent on systolic retrac- 
tion, 122 

Bnomides in urine, 375 
Bronchi and respiration, 38 


Bronchi, pressure on, 298 j 
Bronchial breathing, 283, 28o 
^Bronchitis, signs of, 294 
Bronchophony. 288 
Broncho-vesicular breathing, 
286 

Bronzing of skin, 399 

v~- r— significance of, 31 

BrowmSe&uard phenomenon, 

w Bruit do diable,” 176 

“ do galop,” 161*-, 

Bruits (see (Heart, murmurs of) 
Buccal mucous membrane in 
children, 571 

Bulbo-cavernosus reflex, 504 
Bulla, 400 

Butyric acid in stomach con- 
tents, test fCrP88 


Calcifli, biliafy (seeGal^ftfewies^ 
urinary, scheme for ana- 
lysis of, 378 

Calculus, renal, attitude in, 22 
Calibre of C blood-vessel, 183 
Calmette’s ophthalmic tuber- 
' culin reaction, 605 
Cammidge’s- pancreatic reac-^ 
tion, 57^ 

Canada balsam, 593 
Cancer cells in pathological 
fluids, 583 

Capsules in bacteriological 
work, 591 & 

Caput Medusae, 60 
Carbol fuchsin, 636 

thionin blue, 593, 636 

Carbolic-£&id urine, 317, 375'" 
Carbonate^ in urine, 386 
Carbonic acid in blood, and 
dyspnoea, 38 

oxide in blood, 245 , 

Carbuncles, 36 
Cardiac asthma, 215 
cycle, 152 

dullness, deep, area of, 

- 136, 138, 143, 147 

superficial, area of, 

-v „ 136, 141, 148 

region, percussion of, 135, 

148 

(see also Heart) 

Cairdio - pulmonary murmurs, 
175 

Carotid, internal, 427 
Carotids, pulsations of, 121, 130 
Case-taking, 1 
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E se-taking, scfceme of, 13 

in mental diseases, 17 

Casts in sputum, 301 * 

- — - in urine, 390 
Catarrhs, respiratory, bacte- 
ria in, 623 

Cathode, 521 - * 

Cattell^ algometer, 495 % * 

'* Cayenne-pepper ” deposit in 
urine, 322, 335 
Cells, epithelial, 583 

( seemlso Blood) 

Centigrade and ^Fahrenheit 
scales, 630 

Central amblyopia, 447 

scotoma, 447 

for colour, 449 

Centripetal venous pulse, 210 
Cerebellar gait, 563 
.Cerebral arteries, 427 
Cerebro-spinal foyer, bac^erio- 
*w ? $ l &gical examination of 
nasal discharge in, 623 

fluid, 586, 587, 603 

d^ection <pf tubercle 

bacilli in, 588 

Cervical sympathetic nerve, 
paralysis of, 478 
!Destoda,*106 n 
Charcot-Leyden crystals in 
sputum, 304 
Cheeks (see Face) 

Chest, alar, 255 

• auscultation of, 281 

■* — barrel-snaped, 258 

* bilateral hollowing of, 

258 


— *r- bulging of, 259 « 

id respiration, 262 

— - deficient expansion of, in 
' respiration, 262 
flat, 255 

form of, 115, 252. 265 

— abnormal, 254 

ideal, 253 

front of, landmarks of, 

114 2 

funnel-shaped depression 

in, 259 

in children, auscultation 

of, 569 

palpation of, 569 

I* percussion of, 569 

• inspection of, 115, 252 

local changes in, 259 

movements of, 260, 266 

— rate of, 260 

— rhythm of, 260 


Chest, movements of, type of, 
261 

outline charts’ for, 307 

palpation of, 264 

percussioh of, 130, 135, 269 

'^photographing, for out- - 

line chaix, 308 

phthinoid, 255 

pigeon, 25^ 

pulsations in, JJ.7 

-- — rachitic, 255 
12 — regions of, 250 

shape of, 116, 252, 265 

shrinking of, 259 

w- symmetrical, 255 

unilateral changes in, 258 

veins of, 124 

vibrations, 267 

vocal fremitus, 268 

Chewing, defective power of, 
470 

Cheyne-Stokes breathing, 261 
Children, abdomen in, 569 

alimentary system in, 573 

anterior £ontanelle in, 

567 

apex beat in, 119, 573 

auditory meatus in, 577 

auscultation in, 569 

blood in, 574 

bones in, 568 

circulatory system in, 573 

clinical examination of, 

11, 565 , 

epiphyses in, 568 

“ extra-auscultation ” in, 

574 

facies in, 566 

fseces in, 573 

general condition of, 572 

intellectual capacity of, 

577 

liver in, 573 

measurement of head in, 

573 

mouth in, 570 

nervous system in, 576 

palpation in, 569 

percussion-in, 569 

pharynx in, 572 

pulse in, 566 

respiratory system in 

566, 574 

rickets in, 254. 568 

skull in, 568, 573 

spine in, 569 

- — spleen in, 573 
stools in, 573 
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Children, syphilis in, con- 
genital, 48, 560, 568 

teeth* in, 571 

temperature in, 569 

thorax in, *569 

throat in. 571 

tongue ufo 570 ** 

urinary system in, 311, 

575 t 

fi — ■ — • weight o£, 572 
Chloral fn urine, 375 
Chlorides in urine, estimation 
of, 324 

test for, 323 

Chloroform in urine, 375 <•> 

Chlorosis, murmurs in, 176* 
Cholera, bacillus of, 618 
Cholesterin crystals in sedi- 
ment of pathologi- 
cal fluids, 583 

in sputum, 304 

in urine, 386 

Choreic movements, 491 
Choroid, tubercle of, 537, 541 
Choroiditis, disseminated, 542 
Churchill, on quantity of 
urine, 312 1 
Chyluria, 387 
Cilio-spinal reflex, 466 
Circulatory system, 8, 14, 113 

in children, 673 

Claw-hand, 480 
Clonic spasms, 487, 489 
Clonus, ankle, 508 

lines, 509 

theory of, 508 

Coagulability of blood, 246 
Coagulometer, 246 
Coeliac axis, 57 
“ Coffee-grounds ” vomit, 93 
'* Coffin-lid ” crystals, 385 
“ Cog-wheel ” inspiration, 284 
Colic, attitude in, 22 
Colitis, membranous, 99 
Collapse, 44 
Collapsing pulse, 199 
Colon bacillus, 615 
Colour blindness, 449 

field, 449 

index, 230 

gense, 448 

Coma, 433 

Complexion in disease, 30 
Concentric diminution of field 
of vision, 446 
Gondenser discharges, 517 
Congenital heart murmurs, 
174 


c 

Congenital syphilis, 560, 568 

teeth in, 48 

-Congo-red test papers, 631 
Conjunctiva, examination of, 
525 

Conjunctival reflex, 502 
— r ~ sac, infection of, 604 * 
CoipjuTictivitis, 527 
bacteriological Examina- 
tion inr604 

Consonances, metallic, 292 
Constipation, 7 n 
Continuous current, 511 
Contracture, 488 
Conversions of weights and 
measures, 629 
Convulsions, 489 
Co-ordination, 484 
Copper poisoning} gums in. 


Copying test, 439 j 

CordT, spinal {see Sphfc&^jorcS 
Cornea, examination of, 526 a 

opacity of, 526 

Cornet’s forceps, §£2 j 

Corpuscle^, pus, in urine, 38?| 

(see Blood corpuscles) 

Corrigan pulse, 199 ‘ " 'i 

Cortex, cerebral, and reeepji 
tion of sensation, 420 I 
Cough, 37 'm 

character of, 38 A 

due to aneurysm, 40 J 

due to conditions ir^ 

throat, 3?-' | 

due to mediastinal tut! 

mour, 40 | 

in bronchitis, 39 | 

in common colds, 39 * ; 

in croup, 40 j 

in early phthisis, 39 * '( 

in hysteria, 40 

in laryngitis, 40 '1 

* in pertussis, 40 

in pleurisy, 39 ' 

in pleurodynia, 40 

in pneumonia, 39 - 

nervous, 39 

Counting slide, Thoma-ZeissJ 
* r217 ! 

Cover-glasses, 592 
Cracked-pot -sound, 279 
Cranial nerves, functions of,® 
441 'i 

— — - — - (see name of each) 
Cramotabes, 559, 560, 568 
Cranium (see Skull) 

Creatinin in urine, 339 
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Cremasteric re#ex, 504 
Crepitations, 290 
Crisis, resolution of fever byo 
45 

Crossed adductor jerk, 507 

_ — paralysis, 484 

Crust, 401 . 4a?-. 

■ d|in pathologic at fluids, 

in sputum? 304 

Curschmann’s spirals in spu- 
tum, #03 . 

Curvature of spin®, 557 
Cutaneous diseases ( see Skm, 
diseases of) 

, reaction, von Pirquet a, 

605 

Cyano-cupric^method, 364 
Cylindrical 5 glasses, 530, 532 
(footnotes) 

toylin droids in ?me, 393 
CyrT^rSfeter, 265 
Oystin in urine, 374, 383 . 
Cystitis, urine m, organisms 

Cysts!* exploration ^of, 580 
fluid from, 587 

Death-rattle,” 33 
Decubitus, 19 

Decussation of pyramids, » 413 
Deep sensibility, 418 
Defalcation, 509 
Degeneration, reaction of, 522 

at H distance, 523 

Deglutition, 509 
Delayed conduction, 494 
Delirium, 433 0 

Delusions, 433 
Demodex folliculomim, 410 
Deposits, urinary, 319, 379 
Desmoid reaction, 92 
Desquamation, 401 
Dress of patient, 23 
Dexiocardia (see Dextrocardia) 
Dextrocardia, 148 
Dextrose, 373 2 

Diabetes, boils, etc., iii, 36 
Diagnosis, electro-, 518 
Diaphragm sign, 263 * * 

Diarrhoea, 7 
Diastole, 153 
Diastolic pulsation, 122 

thrills, 127 

Diathesis, 25 

Diazo reaction, Ehrlichs, 377 
Dicrotic wave, 187 
Dictation test, 439 


Diluting fluid for hcemocyto- 
meter, 633 

Dimethyl - amino - azo - benzol 
test, 87 

Dimethyl-paramino - benzalde- 
hyde, 314 
Dioptres, 539 v\ 

Diphtheria, 602 

bacillus ol 606 

Diplococcus intmcellularis, 622 

pneumoniae, 622* ' 

Diplopia, crossed, 455 

* determination of affected 

eye in, 454 

t muscle in, 454 

— direct, 455 

elicitation of, 453 

horizontal, 455, 460 

MadSTab’s method of diag- 
nosis of, 457 

vertical, 455, 460 

Direct ophthalmoscopy, 534 
Disseminated choroiditis, 542 
Distoma hsematobium in 
urine, 394, 395 

hepaticun£ Ill 

lanceolatum. 111 

pulmonale in sputum, 305 

Diverticula of oesophagus, 53 
Dolichocephalic skull, 559 
Doremus’ ureometer, 333 
Dress of patient, 23 
Dropsical effusions, 585 
Diopsy, 32 

Drugs in the urine, <675 

influence of, on breath, 52 

Ductus arteriosus, 157 

unclosed, 174 

Dudgeon’s sphygmograph, 194, 
195 * 

Dullness, deep, on percussion, 
138 

— on percussion, 136 

superficial, on percussion, 

141 

Dupres apparatus, 330 
Dusky tint, significance of, 31 
Dutton and Todd’s method of 
staining, 243 
Dysarthria, 435 
Dysmenorrhoea, attitude in, 22 
Dyspnoea, essential catises of, 
38 

expiratory, 38 

— - in cardiac asthma, 215 

in tricuspid incompetence, 

212 

inspiratory, 38 
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Ear, examination of, 16, 542 

in children, 577 

— — external, 542 
— - in disease, 28 

meatus of, 542 

membrane of, 542 

middle, 54K * 

inflation of, 545 

(see also ' Nerves, audi- 
tory) # 

Earthy tiatr, significance of, 31 
Echinococci in pathological 
fluids, 583 

in sputum, 305 

in urine, 395 « 

Ectocyst, echinococcus, 109 * 
Effusions, dropsical, 585 

inflammatory, 585 

pericardial, 144, 149 

— - pleural, 149, 273, 279 
Ehrlich’s diazo reaction, 377 

triacid stain, 637 

Elastic fibres in urine, 395 
Elasticity of skin, 402 
Elbow jerk, 507 
Electrical examination of 
nerves 
and mus- 
cles, 511 

apparatus 

for, 511 

Electro-diagnosis, 518 
Embolism in retina, 542 
Emotional state, 17, 433 
Emphyseipa, displacement of 
heart and liver in, 149 

shape of chest in, 257 

signs of, 295 

subcutaneous, 32, 403 

Emprosthotonos, 488 ♦ 
Empyema necessitatis, 265 
- — organisms in, 602 

pulsating, 122 

Entamoeba histolytica, 112 

tetragena, 112 

Environment, 4, 13 
Enzyme content, 86, 90 
Eosinophils, 239 
Epicritic sensibility, 417 
Epigastric reflex, 504 
Epigastrium, palpation of, 130 

pulsations in, 58, 130 

Epiphyses, 568 

Epithelial cells in pathologi- 
cal fluids, 583 
Epithelium in sputum, 302 
— - in urine, 387 
Eruptions, 31, 399 


Erythrasma, 4J,0 * ^ 

Esbach’s albuminimeter, 345, 
• 582 

reagent, 632 

Eustachian catheter, 546 
Eversion of eyelids, method 

♦ of, 526 

Excoriation, 401 
ExoeatfdisffL sounds, 17ff 
Exophthalmic goitre, 525 
Expiratory dyspnoea, 38 
Exploration for pathological 
fluids, 3f8 

Expression of patient, 26, 29 
“ Extra-auscultation ” in chil- 
dren, 574’ 

phenomena of, 36 

Extrasystoles, 21E 
Exudates, 585 w 

pleural, 602 

Eye, abnormal movements of f 
* 461 # * 

accommodation of. 465 

defective power of move- 
ment of, 453 

examination or, 16, 525 

in children, 576 

expression of, 26 

( see also Diplopia ; Nerve,- 

optic; Nystagmus, Pto- 
sis, Pupil, Strabismus) 
Eyeball, oblique focal exam- 
ination of, 528 

tension of, 527 

Eyelids, everting#526 

in disease, 27 

inflammation of, 525 

Eyes, skew deviation of, 463^ 

Face in disease, 26 

motor points of. 512 

Facial movements, abnormal, 

• 472 
nerve, 469 

paralysis, 470, 471 

Facies Hinpocratica, 30 

in cMldren, 566 

Faeces, abnormal ingredients 
* in, 97 

• Amoebae in, 112 

amount of, 96 

bacteriological examina- 
tion of, 603 

• bile acids in, test for, 101 

pigment in, tests 

lor, 101 
bilious, 98 
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Faeces, blood it}* tests for, 101 
bloody, 98 

casts m, 99 . 'i 

cliolesterin crystals m, 

102 

_ — colour of, 96 

__ connective tissue m, 192 

consistence of, 97 ? 

— dettitus in, 103° * 

-- examination of, chemical, 
100 

^microscopical, 102 

- — naked-eye*, 95 

— — fatty acids in, 103 i 

. fibrin in, 100 (footnote) 

— - form of, 97 

. gall-stones in, 97 

in children, 573 

intestinal sand in, 100 

i mucin in, 99 

V- — * mucus in, 98, 103 
- — vinwcle fibres in, 102* 

neutral fat in, 103 

odour of, 96 

outfit for collecting, 603 

oxalatS crystals in, 102 

parasites m, 98, 112 

purulent, 98 

slimy, 98 

soaps in, 103 * 

starch granules in, 102 

triple phosphate crystals 

in, 103 

— urobilin in, test for, 101 _ 
watery, ^8 

, Fahrenheit and Centigrade 
scales, 630 

False membranes, bacterio- 
* logical examination of, 
602 

Family history, 3 ?3 
Faradic current, 516, 518, 522 
Fauces, 50 

Favus, 409 „ 

“ Feathery ” phosphates, 385 
Feeble respiratory murmur, 
284 _ 

Fehling’s method of? estimat- 
ing sugar in urine, 359 

solution, 632 „ 

test, 355 

Fermentation method, 366 
test, 358 

* Ferrocyanide of potash test, 
344 

Festinant gait, 563 
Fever, continued, 44 
course of, 45 


Fever, double tertian, 45 

intermittent, 44 

quartan, 45 

quotidian, 45 

remittent. 44 

resolution of, by crisis, 

o 45 

by lysis, 45 

• spirillum of relapsing, 

233, 628 

tertian, 45 * 

3j£bres, elastic, in sputum, 303 

in urine, 395 

Fibrillary twitching, 491 
Fibrinuria, 317 

Fidaria sanguinis hominis in 
blood, 233 

in urine, 395 

Filarise, 233, 241 
Films, 234 

examination of, 238 

fixation of, 237 

in bacteriological work, 

594 

making of, 235 

on c<a»ver-slips, 235, 

594 

staining of, 237 

Fingers (see Hand) 

Fissure, 401 
Fits, inquiries as to, 10 
Flags, use of, in connection 
with pulsations, 123 
Flat chest, 255 
Flexner’s bacilli, 112 ft 
Flexor jerk, 508 
“ Flicking,” 63, 69, 135 
Flint on presystolic murmur, 
171 

Floating Sidney, 80 
Fluids, pathological, examina- 
tion of, chemi- 
cal, 582 

physical, 580 

exploration for, 578 

general characters 

of, 585, 587 

sediment of, micro- 
scopical examina- 
tion of, 583 

Fontanelle, anterior, investi- 
gation of, 567 „ 

Foramen ovale, patent, 174 
Forceps, Cornet's, 592 
Foreign bodies in urine, 397 
Form, recognition of, 497 
Formication, 498 
Formol as a fixative, 237 
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** fortification ” figures, 450 
Fonlis’ cells in pathological 
fluids, c583 

Fremitus, vocal, 268 
French’s model pf Riva-Rocci’s 
sphygmomanometer, 188 
Friction sounJ, 292 « 

Fpchsin solution, 592 
Fundus oculi, examination of, 
530 # 

• 


Gait, ataxic, 562 
— cerebellar, 563 

festinant, 563 

hemiplegic, 562 

high-stepping, 564 

in disease, 22, 561 

reeling, 563 

spastic, 562 

waddling, 563 

Gall-bladder, 72 

distended, fluid from, 587 

examination of, 75 

Gall-stones in faeces, 97 
Galvanic current, 521, 522 
Garrod on examination of 
urine, 314 (footnote) 
Gastric contents, examina- 
tion of, solutions for, 
630 

functions, investigation 

of, 84 

test of, 102 

motility, determination 

of, <91 

Gentian violet solution, 592 
Gerrard’s cyano-cupric me- 
thod, 362, 364 

ureometer, 331 

, Ghilarducci’s reactioh of de- 
generation, 523 

Gibson’s recording sphygmo- 
manometer, 191 
Giemsa’s stain, 637 
“ Girdle pain,” 498 
Glasses, refraction and 
strength of, 530 (footnote) 
Globulin, serum (see Serum 
globulin) 

Glosso-pharynge&l nerve, 475 
Glucose in urine, 353 
Glutea? reflex, 504 
Glycuronic acid in urine, 373 
Gmelin’s test, 368 
Goitre, exophthalmic, 525 

— 1 pulmonary murmurs 

„ ^ in, 172 

Gonococcus, 624 


Gonococcus, criteria for identic 
fleation of, 625 

•Gowers’ haemoglobinometer, 
224 

Graefe’s (von) sign,. 525 
Gram’s method, 634 
— reagents, 593 
GranhSb methods of recording 
conditions in he&rt and 
lungs, 307 • 

Grocco’s triangle, 297 
Guaiac test, 350 ^ 

Gums, examination of, 48 
(iiinzburg’s test for free HOI, 
87 * 

Gynaecological examination, 6 
(footnote) 


Habits, inquiry as to, 4 ■ JS 

Haematobium (see DistomwJ 
haematobium) m ^ 
Haematoidin crystals m spu- 
tum, 304 

Haematoporphyrinuria, 351 
Haematuria* 349 ® 

Haemic murmurs, 175 
Haemin test, 633 

Haemocytometer, diluting fluids 
* for, 633 

by' Strong’s me- 
thod, 633 

Thoma-Zeiss, 216, 221 

Haemoglobin, colour index of, 
230 * 

estimation of, 224 

percentage of, ia chil- 
dren, 574 

Haemoglobinometer, Gowers* 1 , 
227 

Haldarfs’s, 225 

Oliver’s, 227 

Haemoglobinnria, 349 
Haemomanometer, Oliver’s, 

• 188, 189 

Haemoptysis, sputum in, 597 
Haemorrhages in retina, 537, 
541 # 

Haemorrhagic infarction of 
lung, signs of, 297 
Halflatae’s haemoglobinometer, 
225 , 

nail’s pnrinometer, 338 
Hallucinations, 433 

of smell, 441 

of sound, 474 

Hand, in disease, 32 

paralysis of, 480 

Hanging-drop preparation, 595 
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Harris’s method of preserving 
tube casts, 394 

Harrison’s sulcus, 257 « 

Harsh sounds in vesicular 
breathing, 284 
Hay’s sulphur test, 369 
Hayem’s solution, 633 • 

Haygarth’s nodosities# 33 
Head (See Skull) • % * 

Hearing, 473 * 

Heart, altered percussion areas j 
oL in disease, 142 

• anatomy of, 413 

apex beat of, 117, 126 - 

area of deep dulfness in 

percussion of, 136, 
138, 143, 147 

of superficial dull- 

•r&ss in percussion 
of, 136, 141, 148 

auscultation of, 151 

— a^bipek, 214 • * 

boundaries of, recording, 

140 

changes in position of, in 

various diseases, 148 

dilatation of, 144 

sounds in, 159 

diseases of, symptoms 

and signs $f, 211 

displacements of, 118, 148 

graphic record of condi- 
tions in, 307, 

— — hypertrophy of, sounds 
in, 

murmurs, 163 

n — aortic, 169 

double, 171 

j» obstructive; 169 

regurgitant, 170 

■ cardio -^pulmonary, 

175 

congenital, 174 

directions of selec- 
tive propagation 
of, 164 

hsemic, 175 

in children} 574 

mitral, 165 

obstructive, 165 

— regurgitant, 168 

multiple, 173 

— presystolib, 166, 172 

— pulmonary, 172 

— tricuspid, 172 

obstructive, 172 

regurgitant, 172 

vascular, 175 

outlines of, tracings of, 307 


Heart, percussion of, 135 

. — limits of, in health, 

140 

resistance of under- 
lying tissues in, 
150 

— » reduplicated sounds of„ 
161 * 

rhythm of sounds of, 162 

senile, 16d 

sounds, 151 .* ** 

adventitious, 163 

alterations in inten- 
sity of, 159 

in rhythm of, 

162 

endocardial, 163 

exocar dial, 178 

reduplications of, 161 

valves of, 152, 156 

(see also Pulsations) 

Heberden’s knobs, 33 
Height and weight, table of 
relation between, 24 
Heller’s test for albumin, 343 

for hematuria, 349 

Hemiansesthesia, 494 
Hemianopia, 448 
Hemianopsia, 448 
Hemichorea, 491 
Hemiopia, 448 
Hemiplegia, 484 

gait }n, 562 

Heredity, questions as to, 5 
Hiccough, 37, 40 
High-stepping gait, '$64 
Hind’s modification of Dore- 
mils’ ureometer, 333 
Hippocratic succussion, 294 
Hippuric acid in urine, 340, 
381 ' 

“ Hippus,” 46 6, 528 
Hiss’s method of capsule stain- 
ing, 636 

Holmgren’s wools, 448 
Hooklets, echinococcus, 109 

in pathological fluids, 

587 

Hopkins’s method of quanti- 
tative estimation, 336 
Houston’s folds, 83 
Hovell’s modification of Brun- 
ton’s auriscope, 544 (foot- 
note) 

Hutchinson’s teeth,” 48 
Hyalines, large, 239 
Hydatid disease, parasite of, 
108 

thrill, 64 
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Hydatids, fluid of, 583 
Hydraemic dropsy, 32 
Hydrocephalic skull, 559 
Hydrochloric acid in gastric 
contents, 87 

Hydrometer in testing specific 
gravity of blood, 246 
Hydronephrosil, fluid in, $87 
Hydropericardium, 146 
Hydrophobia, Megri bodies in, 
• 628 ^ 

Hy droxy butyric acid in urine^ 
372 

Hyperacusis, 472, 474 
Hypersssthesia, 494 
Hyperalgesia, 495 
Hypermetropia, 533 
Hypertonia, 487 
Hypobromite solution, 631 
Hypodermic syringe, 591 
Hypoglossal nerve, 478 
Hypotonia, 487 
Hysteria, cough in, 40 
Hysterogcnetic spots, 494 


Ideation, 18 • 

Idiocy, signs of, 577 
Idioglossia, 434 (footnote) 
Iliac arteries, 57 
Incontinence of urine, 510 
Inco-ordination, 484 
Indian-ink method, 626 
“ Indican, ” 371 
Indigogens in urine, 371 
Indirect ophthalmoscopy, 531 
Infarcts of lung, 297 
Infiltration, 401 
Inflammation, effusions of, 585 
Influenza, bacillus of, 606 
Infranuclear paralysis, 471 
Innominate artery, 157 

aneurysm of, 122 

Insanity, case-taking in, 17 
Intellectual functions, 432 

in children, 577 

Interarytenoid muscle, para- 
lysis of, 552 

Interrogation of patient, 2, 
13, 17, 

Interrupted inspiration, 284 
Interspinous line, 55 (foot- 
note 

■Intestinal functions, test diets 
for investigation of, 96 
(footnote) 

parasites (see Parasites, 

- intestinal) 

Intestines, anatomy of, 82 


Intestines, percussion of, 8?^- 
Intrathoracic aneurysm, 215 
Iodides in urine, 375 

^ 0r kile in urine, 


Iritis, 527 

lro^j in urine, 375 

Itch,^40* 


Jacksonian epilepsy, 490 
JacLuet’s sphygmograph, 194 
(footnote) o 

Jaundice, discoloration of pa- 
• late m, 50 
i Jaw jerk, 508 
Jenner's stain, 237, 637 
Jerk, adductor, 507 

ankle, 507 ^ 

biceps or flexofT 508 

jaw, 508 

knee, 506 

7 ^- in children, 5?6 

triceps or elbow, 507 

wrist, 508 

Jerky inspiration, 284 
Joints, diseffces of, u 

examination of, 556 

in nervous affections, 510 


Kidney, anatomy of, 79 

enlarged, 81 

floating and movable, 80 

palpation of, jrq 

zrr~. symptoms of aisease of, 9 
Hjeldahls method of ertimat- 
nitrogen, 329 
Klebs-Ldffler bacillus, 606 
Knee clonus, 509 
v — jerk, 50# 

in. children, 576 

777T Z — reinforcement of, 507 
Tvf?.w r€ \ st i CI *yatals, 385 
Koch-Weeks bacillus, 604 
Koplik s spots, 571 
Kyphosis, 558 
form Jf chest in, 258 


lackc. add m stomach con- 
tents, test for, 88 
Lactosuria, 366 
Lalling, 434 

Lang’s method of everting 
Larynx^abnormal conditions 
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-Larynx auu ^n^<*tion, 37 

examination ot, 547 

movements of, 36 = 

paralysis of nerves ofT 

477 

(see also Vocal cords) 

Lateral inguinal line, 55 (foot- 
note) #. _ . 0 

Lead poisoning, gums an* 48 
Lef t-handedne«s, 432 
Leg, motor points m,- 516, 51/ 

„ nerve supply of, 426, 429 

paralysis of ^,4 84 

Leishman-Donovan bodies, 245 

Leishman’s stain, 238 ; &37 
Lenticulo-optic arteries, 431 
Lenticulo-striate arteries, 431 
Lesions, cutaneous, primary, 

s<Kiondary, 401 

Leucin in sputum, 305 

inurine, 3&4 * 

Lei&ocHes ( see Blood corpus- 
cles, white) . 

Leucocytosis, pathological, 224 

physiological^ 224 

Leucomata, 526 
Leucopenia, 240 
Leucorrhcea, 7 (footnote) 

1 Leukaemia, 222, 299 , 

Lime, oxalate of, m urine, 381 
Linea alba, 54 
_ — semilunaris, 54 
Lineae transversae, 55 
Ling and JEtendle’s method, 
359, 362 * _ ^ 

Lips in»disease, 28, 47 

^tten^on ' diaphragm sign, 263 
Liver, anatomy of, 71 

displacements of, 74 

' in children, 573 

inspection of, 72 

— - palpation of, 72, 130 

percussion of, 73 ** 

_ — pulsation of, 130 

symptoms of aflections 

of, 8 . 2 • £ 

Lobar pneumonia, °signs ot, 
296 

Locomotor ataxia (see Ataxia) 
Locomotory system, 556 
Loffler’s serum medium, 608 

stain, 593, 594 (footnote), 

636 

Lordosis* 558 
Lumbar puncture, 579 

fluid obtained by, 586 

Lung, 248 


Lungs, apices of, 36, 271 

borders of, 248, 272 

breath in disease of, 51 

cavities in, 20, 161, 278, 

295 

diseases *of, signs of, 294 

— graphic record of condi- „ 

* tions in, ^08 

— haemorrhagic infarction 

of, 297 % . 

— heart sounds m diseases 
of, 146, 147, 160 

£ — lobes of, 249 

percussion of, 269 

resonance of, in disease, 

„ 277, 280 

amphoric, 280 

cracked-pot, 279 

diminished, 278 

increased, 277 

tympanitic, 277, 

280 

in health, 275 

Skodaic, 277 

(see also Ohest) 

Lymphatic glands, enlarge- 
ment of, 34 

Lymphocytes, large and small. 

Lysis, resolution of fever by, 
45 

MacConkey’s agar, 604 
McHardy’s perimeter, 446 
Mackenzie’s polygraph, 210 
MacNab’s method, 457 
Macular region, 537 
Macule, 400 

“Main en griffe, 34, 480 t 
Malaria,*parasite of, examina- 
tion for, 241 

Manson’s method of showing 
filarise sanguinis hominis, 
233 

Marey’s sphygmograph, 194 
Mast cells, 239 „ 

Meal, test (see Test breakfast 
and Test dinner) 

Measles, test to distinguish, 
from rothbln^ 379 
Measures and weights, 629 
Meatus, auditory, 542 
Mediterranean fever, 625 
Medulla oblongata, sensory 
paths in, 420 
Megaloblasts, 240 
Megalocytes, 232, 240 
Melansemia, 233 
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Membrana tympani, 542 
Membranes, false, bacterio- 
logical •examination of, 602 
Memory, 17, 433 
Meningococcus, 622 
Menstruation, 6 (footnote) 
•Mental ^disea^es, case-taking 

Methmmoglobinuria, 351 
Methylene bluf solution, 592, 
• 593 •. 

Metric system, 629 - 

Microblasts, 240 * 

Micrococci, 620 
Micrococcus catarrhalis, 623 

melitensis, 625 • 

siccus, 623 

— — tetragenus, 623 
Microcytes, 232, 240 
Microsporons, 406, 409, 410 
Micturition, 9, 510 
Migraine, 450 
Mind-blindness, 440 
Mitral area, 158 
disease, pulse in, 199 

incompetence, 211 

murmurs, 165 

obstruction, 165 

regurgitation, 168 

stenosis, 211 

valve, 157 

( see also Heart) 

Mohr’s method of quantitative 
estimation, 324 
Moist r&les, 290 
Monocrotic pulse, 205 
Mononuclears, large, 239 
Monoplegia, 484 
Morax bacillus, 604 
Motor fibres, 412 
— functions, 479 * 

head muscles, 483 

— lower limb, 483 

• trunk muscles, 482 

upper limb, 480 

paralysis in children, 576 

paths, 411 

points of arm, 513, 514 

of face, 512 

of leg, 516, 517 

of neckr 512 

^ of thigh, 515, 516 

of trunk, 519. 520 

Mouth, examination of, 47 

in children, 570 

Movable kidney, 80 
Movement, appreciation of, 497 
MucSn in fmces, 99 
- — in membranous colitis, 99 


Mucin in pathological fluid.% 

— in urine, 348 
Mucinuria, 348 
Mucus in faeces, 98, 103 
- — in urine, 348 
Multiple heart murmurs, 173 
Murmur’s (see Heart, mur- 
murs of) 

• in arteries? 177 

Murphy’s *sign, 76 
Musese volitantes, 450- 
Muscles, atephy of, oil 
-#*— contracture of, 488 

coordination of, 484 

electrical examination of, 

511 


hypertonia of, 487 

hypotonia oP, d,87 

inco-ordination of, 484 

movements of, abnormal, 

<487 n { 

nutrition of, 487 

of head, testing, 483 

of lower limb, testing, 483 

of necl$) inspection of, 35 

of thorax, irritability of, 

280 

of trunk, testing, 482 

an<T limbs, nerve 

supply of, 422, 426 

of upper limb, testing, 480 

spasms of, 487 

tremor of, 490 

Myelocytes, 239 
Myoidema, 280 
Myokymia, 491 
Myopia, 533 

Myotatic irritability, 280 


Naunyn’s theory of heart 
sounds, 176 
Nebuke, 526 
Ndck* inspection of, 34 

motor points of, 512 

palpation of, 129 

pulsations in, 121, 129 

rigidity of, 36 

shape of, 36 

Needle#, platinum, 590 
Ne^ri bodies, 628 
Neisser’s stain, 608 
Nematoda, 104 
Nerve, auditory, 472 

cervical sympathetic, 478 

eighth, 472 

eleventh, 475, 477 

facial, 469 
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"Nerve. fifth, 4^5 

first, 441 

fourth, 450 

glosso-pharyngeal, 475 

hypoglossal, 478 

ninth, 475 

olfactory, 441 * 

optic, 442 0 ^ 

rdots, points origin 

and enifergence of, from 
spinal cord !?nd canal, 
4gl 

second, 442 

seventh, 469 * 

sixth, 450 ^ 

spinal accessory, 475, 477 

supply of lower limb, 

cutaneous, 429 

0 £ p muscles of trunk 

and limbs, 422, 426 

— — of upper limb, cuta- 

*s neohs, 428 * 

tenth, 475, 476 

third, 450 

twelfth, 478 

vagA, 475, 4T6 

Nerves, cranial, functions of, 
441 , 

electrical examination of, 

sensory, peripheral dis- 
tribution of, 423, 428, 
429, 430 

Nervous system, 10, 15, 411 

diseases of, 10, 22, 431 

in children, 576 

a — (see also Brain, 

N erve, N eurones, 
and Signal cord) 
Neuritis, optic, 538 
Neurones, 415 

Neutrophils, polynuclear, 239 
Nitrate of silver solution, 
standard, 631 % * 

Nitrogen in urine, 328 
Nodule, 400 

Nodules, rheumati^, 568 
Non - valvular diseases of 
heart, 212 

Normoblasts, 240 ■% 

Nose and respiration, 37 

examination of, 552 

in* disease, 27 

( see also Nerve, olfac- 
tory) 

Nucleo-protein in pathological 
fluids, .582 

Nucleo-proteinuria, 348 


“ Nummular ” sputum, 300' 
Nutrition, 23 

impaired, 510« 

of muscles, 487 

Nylander’s reagent, 632 

test, 357 

Njj^tagmus, 46^ 

Oblique focal illumination, 528 
Occult haemorrhage, test for, 

A 101 

■^Ocular muscles, paralysis of, 
451 

palsies, conjugate, 462 

* QEderna, 32, 403 

(Esophagus, anatomy of, 52 

auscultation of, 54 

diverticula of, 53 

exploration of, 52 

obstruction in, 53 

X-ray examination of, 52 

(footnote) 

Oil immersion lens, 594 
Olfactory nerve, 441 
Oliver’s haemoglobinometer, 227 

hmmomanometer, 188* 189 

test, 370 

Ophthalmic tuberculin reac- 
tion, Calmette’s, 605 
Ophthalmoscope, 530 
Ophthalmoscopy, 531 

direct, 534 

in children, 576 

indirect, 531 

Opisthotonos, 488 * 

Optic atrophy, 540 

disc, 536 

nerve, 442 

neuritis, 538 

Organib acids in stomach con-, 
tents, tests for, 88 

• reflexes, 509 

Orthopncea> 21 

Oscillometer, sphygmometric, 
Pachon’s, 188, 189 
Osteo-arthropathies, 510 
Osteopathies, 510 
Ovarian cysts, fluid from, 587 

tumour, 66 

Oxalates in urine, 321, 328, 381 
Oxyphils, coarsely granular, 
239 

finely granular, 239 

Oxyuris vermicularis, 104 

Pachon’s sphygmometricjpscil- 
lometer, 188, 189 
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Pain, pressure, 495 
— — sense of, 494 

• signs of, 29 

superficial, 495 

Palate, hard, 560 
— - reflex, 503 

• soft, 50 € 

paralysis of, 476 

Pallor, significance of, 30 
Palmar arch a»d pulsation, 184 
Palpation*of abdomen, 60 

of chest, 264 * 

of children, 567, 569, 572, 

573 

of epigastrium, 130 

of gall-bladder, 75 

of kidney, 80 

of liver, 72, 130 

of neck, 129 

of prsecordia, 125 

of skin, 402 

of skull, 560 

of spleen, 77 

of stomach, 68 

of thorax, 125 

Palsies, ocular/»conjugate, 462 
Pancreatic cysts, fluid from, 
587 

— - reaction, 376 

sufficiency, test for, 92 

Panniculus adiposus, 31 
Pantograph, 266 
Papule, 400 
Paraesthesiae, 498 
Paragraph a, 439 
Parallactic movement, 533 
Paralysis, abductor, 560 

adductor, 550 

agitans, 563 

crossed, 484 

facial, 470 

lower motor neurone, 417 

- — motor, in children, 576 

of arm, 481 

of hand, 480 

of interarytenoid muscle, 

552 

of internal thyro-aryten- 

oids, 552 

of leg, 483 * 

of nerves of larynx, 477 

of Ocular muscles, 451 

* 5 — of trunk muscles, 482 
— — recurrent, 550, 

sensory, in cj ildren, 576 

upper motor neurone, 417 

— also Hemiplegia, Pa- 
raplegia, etc.) 


Paramimia, 44p 
Paraphasia, 439 
•Paraplegia, 484 
Pararrhythmia, 182 
Parasites in blood, 233, 241 

in faeces, 98 

— * in sputum, 305 
— jn%irine, 395 

lif vcfnit, 95 

intestinal, 1 xL03 

«$estoda, 106 

nematoda, *04 

prftozoa, 111 

-*■ trematoda, 111 

of skin, 403 

Paratyphoid bacilli, 616 
Paresis, 484 
Parosmia, 441 # 

Parovarian cysts, "fluid from, 
587 


Paroxysmal tachycardia, 213’- 
Parrot’s nodes, 568 • ♦ 

Passive dropsy, 32 
Patellar tendon reflex, 506 
Pathological fluids (fee Fluids) 
Patient, attitude of, 19 


development and nutri- 
tion of, 23 

. diathesi# of, 25 

dress of, 23 

expression of, 26 

general, 28 

gait of, 22 

general expression of, 29 

interrogation^, 2, 13, 17 

left-handed, 432 m 

right-handed, 432 

temperament of, 25 

Pavy’s method, 360 

solution 632 

Pectoriloquy, 288 
Pediculosis, 404 
Pentosuria, 367 
Pepski in gastric juice, test 
for, 90 

Peptone in urine, 582 

solution, 632 

Peptonuria (see Proteosuria) 
Percussion, direct, 133 

^h^llness on, 136 

flicking, 63, 69, 135 

indirect, 134 

methods of, 133 

of abdomen, 63 

of chest, 130, 269 

of children, 569 

of gall-bladder, 76 

of heart, 135 
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of 


fercussion of intestines, 8'2 
■ — of liver, 7y 

— of lungs, 269 

— Of spleen, 78 

— of stomach, 69 
— - of thorax, 130 

— rules for, 135 

— theory of, 131 

— tidhl, 274 % 

»ercussion - a'clLScpl^tioh 

stomach, combined. 70 
ericardjal effusion, percus- 
sion iE3> 1.44, 149 

heart sounds in, 16? 

, — friction, 178 % 

, — thrills, 128 

>ericarditis, characters of, 214 
; — dullness^n percussion in, 
146 p m 

— heart’s action in, 179 
Pericardium, puncture of, 579 
?erjgr$tph, 266 (footnote), 
Perimeter, Ascher’s, 446 

’ — McHardy’s, 446 
— — Priestley Smith’s, 444 
Peripheral^ neuritis, gait in, 

\ t 564 

Periphery of retina, 538 
Perimeters, 444 ^ 

Peristalsis, 59 

Peritoneal cavity, puncture 
of, 579 

Pernicious anemia, blood in, 
240 

Personal history, 4, 13 
Pertussis, 27, 40 
jPetten£bfer’s test for bile 
acids, 369 ~ 

Pfeiffer’s bacillus, 606 
Pharynx, 50 * 

palpation of, m children,' 

572 

— — ( see also (Esophagus, ex- 
ploration of) r *> 

Phenyl-hydrazin test, 358 
Phloroglucin and vanillin so- 
lution, 630 * 

Phonendoscope, 152 * 
Phosphates in urine, 320, 325, 

- 3§4 * * 

Phosphoric acid in urine, esti- 

y mation of, 325 

test for, 326 

* Eh thin aid ” chests, 36, 256 
Phthisis (see Tuberculosis, 
pulmonary) 

Physical examination, 11 
Picric-acid test for albumin, 345 


Picric-acid test for sugar, 1357 
Pigeon breast, 256 
Pigmentation, 402 ■» 

of abdomen, 60 

Pipettes, sterile, 590 

Wright’s, 612 (footnote) 

Plague, bacilluSftOf, 619 
Plantar reflex, 500, 504 
Platelets, 231 ~ 

Platinum needSas, 590 
Plessor, 134 o 

Pleural cavity, puncture of, 
579 

effusion, 149, 273, 279 

„ exudations, 60-2 

- r '— sacs, reflected, 249 • 

thrills, 128 

Pleurisy and tuberculous in- 
fection, 602 

friction sound in, 292 

signs of, 296 

Pleuro - pericardial friction, 
293 

Pleurosthotonos, 488 
Pleximeter, 134 * 

Pneumococcus, <^621 
Pneumonia, interstitial, 296 

lobar, 296 

• sputum in, 301 

Pneumopericardium, . heart 
sounds in, 160 

Pneumothorax, heart sounds 
in, 161 

resonance in, 277, 289 

signs of, 297 * 

Poikilocytes, 232 
Poikilocytosis, 240 
Polarimetric method, 364 
Politzer's bag, 545 
Polychrcmatophilia, 240 
Polygraph, Mackenzie’s, 210 
Polypi, nasal, 553 
Position, sense of, 496 
Post-tussive suction, 294 . 
Posture in disease, 19 
Potash, ferrocyanide of, test 
for albumin, 344 
Prsecordia, 114 

in children, 573 

inspection of, 115 

palpation of, 125 

pulsations in, 117 

— shape of; 116 
Precipitate micturition, 510 
Predicrotic v ave^ 187 
Pressure on main bronchus, 
signs of, 298 
pain, 495 



